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(54) Air conditioning device 

(57) An air conditioning device is arranged such that 
an output voltage from a commercial power source is 
converted into a direct current by a rectifying circuit and 
a smoothing condenser, and thereafter, it is further con- 
verted into an AC voltage having a variable frequency by 
an inverter under the control of a microcomputer, thereby 
supplying it to a power compressor. Between the rectify- 
ing circuit and the smoothing condenser, provided is an 
active filter for shaping an input current to be an approx- 
imate sine wave almost in phase with an input voltage 
by switching a power transistor. The switching control 
section and the microcomputer for controlling the switch- 
ing are activated independently by separately provided 
power sources. The switching control section supplies a 
high level signal when the active filter is a normal condi- 
tion, while supplies a low level signal when the active 
filter is abnormal. A circuit which generates a low level 
signal when the power supply to the switching control 
section is shut off is provided. This enables the micro- 
computer to determine the occurrence of abnormality in 
the active filter or the switching control section even 
when the power supply is shut off. 
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Description' 

FIELD OF THE INVENTION 



d e JT? n P T ' nVent,0n r8,ates ,0 an ^conditioning 
device includmg an .nverter circuit that changes the fre 
quency of a power compressor in an outdoor device to 
yield an optimal power for a load, and more particularly 

oana.rcondmoningdevicefurnishedwithanactivefilte; 
thanrnproves a power factor and suppresses a higher 
harmonic current from a power source 

BACKGROUND OF THE INVENTION 

An air conditioner realizing a refrigerating cycle bv 

compressor and an evaporator has been known. A re- 
cent air condrtioner additionally includes an inverter cir- 
cu rt for supplying an alternating current driving power to 
the compressor to control the output frequency thereof 
according to a load. This structure enab.es the air con- 
ditionerto operate atan optimal power for a load, thereby 

~nC COmf0rtab ' ene " 

As shown in Fig. 49, a conventional air conditioner 
rectrfies an output from a commercial alternating current 
power source 501 using a bridge rectifier circuit 502 com- 
posed of four diodes, and smoothens the rectified volt- 
age usmg a smoothing condenser 503 to convert the 
same mto a direct current, and thus operates as a con- 
denser ,nput type power supply circuit. The direct current 
aT™, 6 Sm ° 0thin 9 condenser 503 is convened into an 

se2g rt as 5 ° a 4 |cS SUPP " ed t0 3 P ° Wer C ° mpreSSOr 505 

,ic ^ e T ener CirCUit 504 includes a Ihree-phase tran- 
sistor bridge c.rcuit composed of six transistors 51 1 - 51 6 

conn! 0 t0 f Ch ° ,her ,hrOU 9 h three-phase bridge 
ZTJT and t SiXdiodes 52 1-526 provided in paralfel 
wrth the transistors 511-516, respectively Each of the 
transfers 511-516 supplies a three-phase alternate 
current power to the power compressor 505 when Ti 
turned on at the timing at which a control signal from an 

m.nal thereof. The .nverter circuit 504 operates most ef- 

In case of the above condenser input type power 
supply circuit, an input current flows when anTnput volt- 
age ,s higher than a DC smoothed voltage V 0 and stops 
^wing^ontheinputvoKageislowerthanV^asshown 
~ t S 3 reSU "' ,he abOVe denser input type 

C ' rCUit PreS6ntS PTOb,ems that power 
.s los due to a decrease in the power factor of the powe 

renTLdTh 1 1"? * h 3 ^ h£ « cur- 

rent, and that the h,gher harmonic current adversely af- 

T ' ine AIS °' Wi,h ,he *>ove-men,ioned 
a-r cond.t.oner, the power compressor 505 outputs a 



large power of 1 -2 kW, and the smooth ing condenser 503 
correspondingly has a large capacity, thereby making 
the above problems more pronounced 
_ To eliminate these problems, the IEC (International 

m »hl°h eC h Commiss,on > wil ' impose a regulation 
on the higher harmonics current of the power source in 
1 1 996, and some actions must be taken to comply with 
the regulation. y 

w in„ Mho ^ has,ructur e that employs a passive filter us- 

ZflT <Ch ° ke COi,) iS known as a hiaher ^rmonic 
current suppressing technique, this structure is not a per- 
fect countermeasure because ft can not maintain the 
higher harmonic current under the regulated value 

is ^ ema, !! y ' an 3ir conditioner ™<"ding an active fil- 
er 507 as shown in Fig. 49 is disclosed in Japanese 

S?7 P fi e / n Qo a,e r nt K APPliCati ° n N ° S 4 -26374/1992 and 
5-68376/1993. To be more precise, the active filter 507 
includes a choke coil 531 , a fast recovery diode 532 and 

20 ^^"^^^^^tnebrictgerectifierclrcuit 
502 and the smoothing condenser 503. The switching 
acuon of the power transistor 533 is controlled bv a 
switching control section 508. 

The switching control section 508 controls the 
swrtching action of the power transistor 533 in the follow- 
ing way. 

As shown in Fig. 51 , a direct current voltage being 
generated by the smoothing condenser 503 is detected 
inresistors 561 and 562 (see Fig. 53) in an output voltage 

30 tk ? 9 SeC ' i0n 541 *" 3 dec ompressed (divided) state 
The voltage difference between the voltage thus detect- 
ed and a reference voltage generated by a reference 
voltage source 542 is outputted from an error amplifier 
543- The reference voltage is set to a value correspond- 
ing to the rated value of the direct current voftage 

t n J?" *? °! hSr hand 8 Si9nal voltaae corresponding 
to an mput voltage to the active filter 507 is generated bv 
an input voltage detecting section 544 based on an out- 
put voltage from the bridge rectifier circuit 502 Accord- 

40 I™, 8 mUltiP ' ier 545 mul,ip,ies ,he vo,ta 9* difference 
from the error amplifier 543 by the signal voltage from 
he mput voltage detecting section 544. As a result in 
the multiplier 545, and the waveform of the input voltage 
is corrected by the output from the error amplifier 543 
Thus, the output from the multiplier 545 includes the 
components corresponding to both the direct current 
vo tage and input voltage, and matches with an increase 
of the voltage boosted by the active filter 507 

An input current is detected by an input current de- 

so £S? 546 The input current ,hu * detected is 

amplified ,n sync with the output of the multiplier 545 by 
an amplrfier 547, thereby making a synchronous wave 
form with the input voltage. 

The output from the amplifier 547 is compared with 
a penodic chopping wave generated by an oscillator 548 
by a comparator 549. As shown in Fig. 52, the compa- 
rator 549 outputs a pulsewise PWM (Pulse Width Mod- 
ulation) signal only when the output from the amplifier 
547 ,s higher than the chopping wave. The PWM signal 
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is amplified by a driving circuit 550 and supplied to a con- 
trol electrode of the power transistor 533. The driving cir- 
cuit 550 switches the output of a switching control signal 
to on or off by an ON/OFF control signal outputted from 
an output ON/OFF circuit 551 based on a seizing signal. $ 

The active filter 507 is generally known as a voltage 
rise chopper type active filter, and it boosts the output 
voltage higher than a smoothed voltage yielded only by 
the bridge rectifier circuit 502 and smoothing condenser 
503 by exploiting the energy stored in the choke coil 531 . 10 
An increase in the boosted voltage is controlled to be a 
predetermined rated value by the switching control sec- 
tion 508. 

The active filter 507 supplies the energy stored in 
the choke coil 531 to the smoothing condenser 503 grad- is 
ually by turning on or off the power transistor 533 at reg- 
ular frequencies (tens of kilohertz) using the switching 
control signal outputted from the switching control sec- 
tion 508. As a result, the waveform of the input current 
is locked with that of the input voltage, and becomes an 20 
approximate sine wave. Thus, the input power factor is 
improved while the harmonic distortion is suppressed, 
and the utilization efficiency of the input power is upgrad- 
ed as a consequence. 

In case of the air conditioner such as the one shown 2s 
in Fig. 49, it is general to insulate the inverter control sec- 
tion 506 from the switching control section 508 and to 
drive each by their respective power sources. Thus, sig- 
nals are sent between the inverter control section 506 
and switching control section 508 through a photo-cou- 30 
pier. Also, the switching control section 508 has an ad- 
ditional function to detect an unusual event occurring in 
the active filter 507, and upon detecting such an unusual 
event, it turns on the photo-coupler by outputting a de- 
tection signal to notify the inverter control section 506 of 35 
the unusual event. 

However, with the above structure, once the switch- 
ing control section 508 stops because of an unusual 
event, or namely, the power supply to the same is 
stopped for some reason, the switching control section *o 
508 can not output the detection signal, thereby making 
it impossible to notify the inverter control section 506 of 
the unusual event. Thus, the inverter control section 506 
can not stop the power compressor 505, and the power 
compressor 505 keeps on operating although the active 45 
filter 507 has already stopped. Moreover, the overcurrent 
may damage the devices composing the inverter circuit 
504. 

It is general to use the above voltage rise chopper 
type active filter 507 for an air conditioner because of its so 
advantages in terms of cost saving and noise reduction. 
However, the active filter 507 always outputs a voltage 
higher than the input voltage because of the boosting by 
the choke coil 531 and power transistor 533, and the out- 
put voltage easily increases or decreases according to ss 
the balance with respect to a load. 

To eliminate this drawback the feedback is provided 
by the switching control section 508, so that the output 



voltage from the active filter 507 maintains a constant 
value. To be more specific, should the output voltage 
from the active filter 507 change, the switching control 
section 508 controls the switching action of the power 
transistor 533 by changing the pulse width of the PWM 
signal based on the detected output voltage from the ac- 
tive filter 507, so that the output voltage from the active 
filter 507 will have a set value demanded by the inverter 
control section 506. 

The output voltage thus detected is also supplied to 
the inverter control section 506 as information. Accord- 
ingly, when the output voltage exceeds a certain range 
from the set value, the inverter control section 506 judges 
that either the power compressor 505 has stopped or 
something is wrong with the inverter circuit 504, and for- 
cibly stops the active filter 507 to boost the voltage. Also, 
an overvoltage protect ion circuit which will be described 
in the next paragraph forcibly stops the active filter 507 
to boost the voltage when the output voltage exceeds a 
predetermined protection voltage. 

The overvoltage protection circuit shown in Fig. 53 
detects the output voltage from the active filter 507 using 
a voltage divided by resistors 561 .562 provided as volt- 
age dividing circuits of the output voltage detecting sec- 
tion 541 , and the detected voltage is used to judge the 
overvoltage by a comparator 663. The comparator 563 
compares the detected voltage with a protection voltage 
generated by resistors 564.565, and stops the output ac- 
tion of the driving circuit 550 when the detected voltage 
is higher than the protection voltage. 

On the other hand, another overvoltage protection 
circuit shown in Fig. 54 uses the output voltage from the 
active filter 507 divided by resistors 566.567, which are 
different from the resistors 56T .562, as the detected volt- 
age. 

However, when the active filter 507 boosts the out- 
put voltage to the set value in activating the driving ac- 
tion, the output voltage becomes unstable or exceeds 
the set value momentarily during a certain period, such 
as when the inverter circuit 504 starts or stops the oper- 
ation, or the power compressor 505 is activated or de- 
activated. The inverter control section 506 judges such 
a condition as an unusual event even though the inverter 
circuit 504, active filter 507, etc. operate normally, and 
stops the active filter 507 to boost the voltage, thereby 
making the operation of the air conditioner unstable. 

In particular, when the active filter 507 activates the 
voltage boosting action, there is a considerable differ- 
ence between an initial voltage and a target voltage of 
the output voltage, and thus the gain of the feedback con- 
trol by the switching control section 508 becomes great- 
er. Thus, the output voltage is boosted so rapidly from 
the start that it overshoots the target voltage 

Once the active filter 507 has activated the voltage 
boosting action, the output voltage from the active filter 
507 drops instantaneously because of the current flow- 
ing through the power compressor 505 at the time of its 
activation. Correspondingly, the active filter 507 boosts 
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^cS^^^r* contro1 * *• 

<n voltage. 08 to c °mpensate such a drop 

stabilized. Thus, (he booSo,,^ * henceth ^oKage is 
'he target voltage by Scre as * ^ ° Versh ^ 

oreduce,heoversho^oSn a ^ by,hefeedba ^ 
target value this time. The toSf' unde ^oo.s the 

mam in a stable condition 9 OUtpU ' vol ' a 9 a s re- 

the time constan 'oT SSJ** rin9in9 C ° n,inues 
f Thus, the conventiona l afr ^ COn,r °' 
ageous in that « stops ™ S^? 0 ™* " diSaoVa "- 
the cvervoltage proL^,^^ W «°P» "hen 
shooted output voltageaTh 's ra,6S °" an over - 

The .ncrease vafueln S " eXp ' ained 
^^^einanabso^Srvl^^ outputs. 

^^'niensof milfi ^ e d ^ howe ver.it tege n- 
■h-s degree does no! exceed^ the increa se of 

* the ac..ve fllIer 507 tnTsw^™" val "es 
verterc.rcu.t504, andthesn^h 9 e ' emem ° f »• 
there occurs no proble m ^^^"^^^.and 
^en,s. (j m itIn9the P dura ^ J? as damaging , ne e(e . 
formancc «onof fife, and degrading the per- 

Thus, the operating | eV e. ofthQ 
"on circuit may be raised I L °vercurrent protec- 

a result of the overshoot 9 " the inpu t cu ^ent as 

«*. • yielded by SLiJ^ES^ 9 " Pr ° ,eCti ° n Cir " 
he resistors 564-565, the afilfjl ° ment VO,,a 9 e by 
the same is negligible tZZ 1 tne oulDU ' voltage to 

the resistor values of the rXZ WSVer ' ^nations in 
to- 564-565 prov/di to deSS 561562 ° r,he 
the detection margin £22Lf" ™Y 'educe 

voltage) of the o£j££^ vt * a *> ™nus output 

To be more specif," ^hen n * ^ 
resistor 567 vary £ lame £ k * reSis,or va '"es of the 
fetors 562 h s ^ T" ^ ° f tbe - 

detects an output voC^JTt 88 diVid,ng circui ' 
Thus, if the output vortaoe °? ' he norma ' v °"age 
«* thus detected £ C ° n r0,ted bas ed on the vat 
^n the normal «^ 25 " ^ 

resis,orvalueof,here S is,o;564v a ha0d When ,h e 
*h"e that of the resistor 56s f 3 ' ar 9 e num bers 
taction vo„ag e becomel Se C * he ^ 
Accordingly, , he detectjon "an the normal voltage. 
J " easier for the overv^e ' ^ mak ' 

the operation when the 0 ..Tr>,! Protec t ,on c <rcuit to start 
^-507 overshoots'th: "» «*. 
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conditioner can not opera J^. Pr ° b ' em ,hat f he air 
detectionmarginof eJc ha - SS" 0 "^ Presen,,V ' *» 
5 'ore the delivery , 0 Z?r*' SeValuaW ^ 
evaluating the detecfoT^V Pr ° b ' erT1 Howa ver, 
Problems during the maJufa^ 9,0 ,ndiviaua »y causes 
oreasing y je ,d suchasde- 
and makes the resuE Z^S"**" lroub ' a some, 
,0 The conventiona a 9 Z ^ ndl,,oner expensive. 

<he Power compre^t^?^ 9 * 
oord.ng to a typical specificaUon 1 , 120 Hz Ac " 
"nverter operates at 60 Hz fo The f pressor for the 
15 'he activation to stabilize Thi j£l ™ 006 min "' 6 '~m 
cycle. When the power comnt! °^ a " d re,ri 9arating 
der such a spec'icatl^e fcT ' 05 iS ° Pera,ed u " 
•"creases because the acZx^uT^ " ' he same 

compensate such a decmas e T.h ' nCreaSeS Then ' to 
switching control sectionlj £2l ^ V °" a 9 e ' 'he 
5 Under 'he feedback control »St ' he VOlta 9 e value 
ma.ntained at the constant ^ef OU,pUt V ° tta9e is 

^liS^J^^ does no, 

curs significantly and contin^n f , 00 exp ' aine d but it oc- 
30 hod Thus, the feedi™ «°o,t dT * ^ " me P e ' 
a 'ow frequency wave i I ^ and cau ees 

shown in Fig. S6 theZS^^ VO,,a9e ' and as . 
active filter 507, whichis ' nput curre "t to the 
3< ing,y stlifts to the one haZ ^ 9Snera '' ^^spond 

overtheratedcurrent andt^f ,,Vefllter5 °7 increases 
0".. r a,estos,o P ra?coSr ,PrO ^ 

hy eodoing, the overcurrent caused ra ' Sed H ° Weve ^ 
which should be detect^ tZ^T, WUSUa < evs « 
'"9 it impossible to protect S^f**** ,hereb y 
4s aged by , he overcufrent men ' ,rom bein 9 dam- 

o^a,-conditioning. Howev^ m e 2S ndin 9 °n a load 
Power transistor 533 of th^ °WOFF action of the 
- independently of the ^ S ^ 507 ■ controlled 
Pressor 505. Thus, the the power 

com- 

becomes too large. " UC,ua, '°n of the output current 

£s ^ztz^zr. ,rom ,he ac,i - 

55 ^alvoltageofthesmo^^ 
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Notethat. underthe h 8*^J r503and i nV erter circuit 
the active finer 

the light-duty operate. JJjJJJ susce 9 ptible to the 
503 and inverter «cu«504a em n 
damages compared *«h theJJ ^Stone' has the 
,„ addition, the ^n^nal^c jonj pow . 
Allowing disadvantage in terms ol air 

- induct- motor 

pre ssor lor ** »» 

duction motor has the °P era ^ n9 at whioh a load and 
number of rotations is set to a value ^ ^ ^ ^ 

a torque are balanced, beeauw >in m fier . 

Tobemorespec .c_whenthe,o ^ ^ ^ ^ 
cu(ve shifts from T, toj^and ^ ^ 

increases to I, to 2 . ATO °^^ d y eqrades astheoperat.ng 

a^^^^rsrrStions, - •» ^ 

Irequency, i.e., the numu aff CQIV 

and *ple court « «" *JJ!_ ™c«icsly. M ripp« 
(1) below. 



At = a/fl^U 



where 



stant value (f sw x M = acWS ^f f equency U reduc- 
in Fig . 58, increasing •» ■JJJ^SI increases the 
es the ripple current, on ^ore, the 

531 When the switching ^J^toZ 
number of switching times per penod ot P 



" outp ut becomes — J^^.K 
source Irequency. Thus there occ asthepo w- 

er source frequency ^ e ^ urce , req uency of 50 
5 comparingthe case of the power sou mber 

o, switching per one cycle d the ^powe ^ ^ 

greate r ^^^-Cuency o, 50 Hz has 

Spared w«h the W case* a tha t 
quency of 60 Hz. ™ nne ' . ff cts the maximum 

<s n;"ctcu^ 

te changed, magnetic J^SS^II* is ^ 35 
and the inductance drops abrupt* tics ln 

coi |, direct o-;232la23.V^. 
2 o particular.mc^eof^c hewtegehas 

the choke coil 531 used to i and ft is almost 

rnaximum coll current up to 7 to 8 A mposmg 

possible to make the J.rect c ^ ^ d , ect 

characteristics flat. In ™ ; es as the 
25 current super-imposing charactensucs 

S current increases as shown in F»* ^ 

,tisunderstoodfromEqua^onm as 

- 60 S the larger 

shown m Fig. 60, we wiy 

ripple current Al 2 is tairiy »i a 

large as shown in Fig. 62. d can not b e re- 

sary radiation etc.. ^.^ tion5 o8 demands a power 

4£ ^r.the-n^ 

the switching action in such ; a manne th^ 
the input current *^™£Ih*. However, the 
voltage to approximate to he sine dbecaU se 

actual 

imate the input 1 ^S^y comprises 

The switching cont° section ^ cjrcuit 

a single integrated circuit Thus^t ^ cgn not 



Put voltage. ' 

between the ra ,ed va .u Stance 

and outputs the P W Mr 9 na, S uch S ° U ' PUt V °" a9e ' 
balanceni). However, theVte^^™?** 8 ^* 

^eatthetirr^ofacSnofZ f ableV0 ' ,a9eba '- 
the output voftage chaSl! * ^ 507 ' and 
since the switching So! stna?? 6 " me haS passed 
powertransistor533 Sus ifT ?! ° U,pUt,ed toth * 
generated based on suchf c * S T hin9COn,ro,si 9 na ' 

'^4 te p 0 r due to < h * 

ed value only by sliqhtlv ^ 96 6XCeeds ,he «*- 
switching cio, SCme 9 , 6 , 1"' 56 " tth of the 
"on 508 from a certain p ™ SST" 9 ^ **- 
* outpu. the switching c^L^ ThUS ' " iS reduir ed 
range than thece^ puiTSthT ^ 8 
men., the pulse width <J£ slthi ^ "* reQuire - 
vary only in a , im ned ™ «ng control signal can 

approximate the curre^waJ«fo ^ mak ' ng * a*"* ,0 
'°rm. Accordingly, nettheMhf H V °' ,a9e Wave " 
nents in the pi^J^Sf^"-* «-po- 
-r can the power factor be i^S" ^ 6W -* 

signal is outputted with a vj£2 t ? 88wl,chin 9«ntrol 
active fitter 507 starts uo a 2? PU ' Se Width ' and if the 
voltage, thecurrent SuttobJ^^ of th * '"put 
ing control signal rTachls * de,erm,nedb V<ne switch- 
Since the m .SnJ ra^v aue ^ mUm PU,se «**■ 
533 is determined by tTm^l Ua ™ Stor 
such conditions, it is neceT^T CUmW Va,ue und er 
rated value for theLwt? S6CUre lhe ma *rnum 

ue under the normaiiv ^ , ^ 9 ' han ,he curr ent val- 

the activation. F^ZZT^'^ e **p, far 

mands a power UaZtTsSm^'l de " 

mum rated value, and makesth^f l*"* ' arge maxi ' 
expensive. ° "^kes the result.ng air conditioner 

apowe^v^ 

en by a power source 20n v mo *' driv " 

63, the formeryields a dTf?, ° V As Shown in Pig- 
boosting a too'v voC^T VO,,a9eO,280Vb V 
source 50! through a smoo 1 , COmmerc iai PoweV 
^bler re ctifierclciSS CO,l5ei Usin 9 a voltage 
and condensers sT^TT'T'^ 57 ^ 57 ^ 
shown in Fig 64 theteitZr « ° ,ner ha nd, as 

^rectifying^^ 

source 501 using the bridae £T COmme ™' Power 

Thus, a/though H is "Sh«l ^ 50Z 
conditioner of the'aoov ^ draWin9 ' ,he air 

507 like the air conditioned^ V °" e aCtive fi,,e r 

tbeaircondttioneronhTToovTor;", ' 9 49 H ° W6Ver ' 
100V mode l needs two active 
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it is more expensive. he f0rmer D6ca "se 



5 DESCR,PT 'ON OF THE DRAWINGS 



'^ll^^S^ * Bnm ***** the 

^^S:™^«*>™ d ^ting the 
crocomputer and a S ^T' b6,Ween 9 mi- 
conditioner of Fig. 1 C ° n,rC " Sec,ion f n the air 

- «ne ZZ7:: a ^ 3 WaVefo - resenting 
the air condm^Rg , ^ inverter ci ™t in 

voltage to a power comoJ 00m P en8at ° an applied 
» breaks. ^pressor when the active fitter 

iably whetherVe Z^em^sZT^ ^ *»~ 
fective value of the outout I » " °' ml and a n ef- 
25 Fia s/to Jl ^ P f0m ,ne inv erter circuit 

compressor when'h^ SJLS - ^ ° f ,he P— 
the same is broken ° Pera,es n °rmally and 

the inverter circur eC,WeVa,Ue ° ftheo "tP"<'rom 

pressor whentLact^ ,,edv0,ta 9 eof the power 
the same is broken filter grates normally and 

strucSe^aSftL^ * BH,m de P ic,i " 9 *• 

.he oi:rofr 0 : e Sa a e w r orm represe * 9 

activation of the active fS 9 Pr ° ,eCti ° n circuil « the 
air conditioner of Fig 7 P ° Wer com Pressor in the 

" switch fl'SStS^^ the struc -e of a 
when a low-pass STp^ COndrti0 " ar « ^g. 7 

therlngingSrritrT^^ 
- deteriorated by the to^ 9 ^ tha a ^e filter is 

s-rucSe^re^npc^r 189 ^ depiC " n9 - 
constant changing ^2 ^ » *™ 



6 



11 



EP 0 695 024 A2 



12 



air conditioner of Fig. 7. 

Fig. 14 is a graph showing how the operating fre- 
quency of the power compressor is changed by different 
changing speed in every predetermined period by an in- 
verter control section in the air conditioner of Fig. 7. s 

Fig. 15 is a view showing a waveform representing 
an input current to the active filter, which changes before 
and after the operating frequency is changed based on 
the characteristics shown in Fig. 14. 

Fig. 16 is a view showing a waveform representing 10 
the relation between a switching frequency and a ripple 
current. 

Fig. 17 is a view showing a waveform representing 
the relation between a coil current and the switching fre- 
quency. > 15 

Fig. 18 is a schematic circuit diagram depicting the 
structure to control an oscillating frequency of an oscil- 
lator provided in the switching control section in accord- 
ance with a load current. 

Fig. 1 9 is a graph showing the relation between the 20 
coil current and ripple current indicating that an increase 
in the ripple current is suppressed by the structure shown 
in Fig. 18. 

Fig. 20 is a view showing a waveform of the ripple 
current when the coil current is large. 25 

Fig. 21 is a schematic circuit diagram depicting the 
structure to boost the output voltage from the active filter 
based on the load current and slip of the power compres- 
sor. 

Fig. 22 is a view showing the characteristics of the 30 
power compressor improved by the structure of Fig. 21. 

Fig. 23 is a schematic circuit diagram depicting the 
structure of an air conditioner in accordance with the third 
embodiment of the present invention. 

Fig. 24 is a detailed schematic circuit diagram de- 35 
picting the structure of a load detecting section in the air 
conditioner of Fig. 23. 

Fig. 25 is another detailed schematic circuit diagram 
depicting the structure of the load detecting section in 
the air conditioner of Fig. 23. 40 

Fig. 26(a) is a graph showing the relation between 
a load condition of the power compressor and the output 
voltage from the active filter. 

Fig. 26(b) is graph showing the relation between a 
load condition of the power compressor and the output *s 
voltage from the active filter when a set value of the out- 
put voltage from the active filter is changed in accord- 
ance with the load condition of the power compressor. 

Fig. 27 is a schematic circuit diagram depicting the 
structure to change the inductance of a choke coil. so 

Fig. 28 is another schematic circuit diagram depict- 
ing the structure to change the inductance of the choke 
coil. 

Fig. 29 is a graph showing the relation between the 
load condition of the power compressor and the output 55 
voltage from the active filter when the inductance of the 
choke coil is changed by the structures of Figs. 27 and 
28. 



Fig. 30 is a schematic circuit diagram depicting a 
modified structure of an air conditioner in accordance 
with the third embodiment of the present invention. 

Fig. 31 is a view explaining a correspondence be- 
tween the increased voltage value in the active filter to 
be changed and the output voltage (alternate current 
voltage) of a commercial power source in case of the air 
conditioner of Fig. 30. 

Fig. 32 is a schematic circuit diagram depicting the 
structure of an air conditioner in accordance with the 
fourth embodiment of the present invention. 

Fig. 33 is a schematic circuit diagram depicting the 
structure of a peak current detecting section in the air 
conditioner of Fig. 32. 

Fig. 34 is a schematic circuit diagram depicting the 
structure of an average current detecting section in the 
air conditioner of Fig. 32. 

Fig. 35 is a schematic circuit diagram depicting the 
structure of an excess voltage rise detecting section in 
the air conditioner of Fig. 32. 

Fig. 36 is a view showing a waveform representing 
a current flowing in the active filter in the air conditioner 
of Fig. 32. 

Fig. 37 is a schematic circuit diagram depicting the 
structure of an air conditioner in accordance with the fifth 
embodiment of the present invention. 

Fig. 38 is a view showing a waveform representing 
the relation between the input voltage and input current 
in the air conditioner of Fig. 37. 

Fig. 39 is a graph showing the relation between the 
input current to the active filter and a switching frequency 
when a power source frequency changes in the air con- 
ditioner of Fig. 37. 

Fig. 40 is a schematic circuit diagram depicting a 
modified structure of an air conditioner in accordance 
with the fifth embodiment of the present invention. 

Fig. 41 is a schematic circuit diagram depicting the 
structure of an air conditioner in accordance with the 
sixth embodiment of the present invention. 

Fig. 42 is a block diagram depicting the structure of 
a major part of another switching control section in the 
air conditioner of Fig. 41 . 

Fig. 43 is a graph showing how the output voltage 
from the active filter reaches a target voltage at the time 
of activation. 

Fig. 44 is a block diagram depicting the structure of 
a major part of another switching control section in the 
air conditioner of Fig. 41 . 

Fig. 45 is a view showing a waveform representing 
the relation between the input voltage and a PWM signal 
during the operation of the switching control section of 
Fig. 44. 

Fig. 46 is a block diagram depicting the structure of 
a major part of still another switching control section in 
the air conditioner of Fig. 41 . 

Fig. 47 is a view showing a waveform representing 
the relation between the input voltage and the PWM sig- 
nal during the operation of the switching control section 
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Of Fig. 46 

Put type power source ffif ^ ,0 3 COnde ^r in 

circui ' dia9ra ™ *" » 

*<r conditioner of Fig. 49 h ' n9 Con,r °' Action in the 
the SraTon'of TSmSSt* repre *™ng 

« ^.conventional air condCe? ^ 
^cture of m*£Z£Z£ ^ Spicing , ne 

^'^enttoth^ 

Ranges before and Z^^* 0 "*****} « 
changed. a " er ,ne derating frequency is 

^.c^epL^dstS^ !" ^ am °"9 a » 
-''curren,andS: c tr 9t,1ere ' ati0nbe ^n,he . 

F, 9- 64 is a schematic r.i erof 10 °Vmodel 

SUMMARY OF THE INVENTION 
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-rconditioningdevice JhXeZ ° " '° Pf ° Wde a " 

P°nents against an abnoSSrTJ f 60 " 0 " of c °m- » 
Prevent invention is topSX * nother ° b ' ec < « the 

»n common. re by us, "9 eome components 

cond'^g deitt'ac'Srir ^ ,he firs < air * 
mention includes accord ance wrth tne presem ^ 

^ fiCa, ' 0n ^ nSf -^9an A Cvo tt a 9 eou, 



PU " ed s ^ AC power source, 

^m^^ 8 ™^^^*^ an ^ vo/tage 
a DC voltage; 0 " means to * converted into 

^veL^^ means for 

"t I means into an AC Sa Q e 2 fa9efromthes ™o,h- 
and frequency , 0 be appS a 36 VariaWe v °«age 

control means P ° Wer com P^ssor; 

^'tage-AC voltage onSETS " ^ °' ,he «> 
'oadstateof the power cSn^ anS aCC ° rC " n9 '° a 

r^SSS^ r rec,ifica «- 

• current to be an approximator" Shapi " 9 an '"Put 
wth an input voltage^ a,most »• Phase 

^r^teTr^s 

means, the ac,*, e filter con S meS ^ C ™°> 
^^ceseparatefyp^ * ^ act "*ed by 
for the control means and mapoWerso "rce 

*" d the active fj„ er ^ te as ' one « the actrve fitter 
ehut^ffofapowertobeTuL'rT and de,ec t'"9 a 

tro ' r 0 n rd as an ab °°-T ,he f,,ter con - 

an '° 3 J*** Zoning device, when 
**■ fiiterand ■ «— in one oft 

re "ce of abnormality *^?Z? m «**< *• occur- 
abnormality detection ^ ^ off « detected by the 

means also detects a shuToff ° rma% d6l6c,i o" 

0 the active fittercontroZaLl^T to be su PP«ed 
h-s enables the control means t >T« abnorma '^ Since 
the active filter control m^lV the shu t off of 

ot the power ,0 be suppSTer * "» S,0ppa 9e 

air Z^'SZ:*'*" - -ond 

•nvention includes accord ance with the present 

a DC voltage; ans to be converted into 

?°^t^^^9^>n means for 
'"9 means into an AC vorta Qe V °' t89efrom 'he smooth- 
and frequency vary 96 Whose triable voltage 

current to be an approximate In ' Shapin 9 a " input 
Wrth an input voitage; and WaVe alrT10s, 

in phase 

r^SSSZ ^ ^ off the 

*• acfKre fitter is an tSSJl"^- ^ '-m 
'^rm.ned threshold, and iJSXL 9SS °' a prede - 
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p«a-^« *S5ESS vo>ta 9 e convey 

tUm Accordingtothe ^^eWter will not be de- 
excess output voltage ^ ,or eacho 
tSed by the even I an overshoot 
the described periods. ™«*^ jn ^ period, 

Sovervottagepreventingmeans ingd ev.ceto 
me%h^ enables the seconda^rco ^ ^ 

be opened under a ^te undef ^ steady 

condmoningdev.ce -naccor 

petted from an AC power £>%^ a n A C voltage 
P smoothing means for sm converted .nto 

^edbytherectfficatron means 

a D c voltage, conversion meansi 

a DC vottage-AC voteg e ^ t tv 

active filter upon detect.ng ** an P^ rf g pred 

"preventing means. Thus a °^ ted , the 

in the output voltage ol the , aeu neo threshold, 

described penod above the Pjede ^ 

meactWefltterThisen^s^et ^ ^ ^ 

vice to be operated u^er^ 

^m^f^^;°^ upon detecting , an 
bie condition ol the o^^J^ined threshold of 

rneans.theactwef.tter .s stop > ^ ac t W ef.tter 

occurrence of abnormal ty <n P ^ , rt h a.r 

,n order to ach.eve the ^abov 1^ jnc 



" 4A ctn be converted into 

5 ing means into an 

10 W ith an input voltage, g output vottage 

active filter control ulpu t voltage from the 

Election meansfor detect.ng anoup (Q( QUt . 

Setter, voltage detected by the 

SSg a difference between an owp voltage 

1S Svottagedetect^n^ans^da ^ output 

1 anS waveform routing meansj* ^ 

Sn the vottage Terence detect ^ ^ t 

Ser control means control^ * nX pased on 

20 the difference detected y 

Accordingtothefourth a con ^ fe l voltage 

25 the waveform of the o^'^se by the waveform 
^tionmeansissh^tobeob ^ 

Ituse means, the 0U, P u ^.° e 7 0 rthe power compressor 
^enstartinguptheactrveW^^ steady st ate. 

30 ranges gradually «**« * J over shoot olthe output 
Therefore, an occurence ol the ov e preven t- 

His*— ; 

40 preventing means. objeC ts, the Wh » 

P ln order to ach-ey the J ^ incKKte s _ 

^dttioning^v^ 
rectification means. 

puttedfrom an AC (O*"^, an AC vottage 
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ing frequency; and 

According to the fifths- 

W» PO^eompJS* when act J. 

a lower variable speed for a DfP Sl, COn "' 0, mea ^ at 
*ate/y after the start of the I £2*"™"" ,ime *nme- 
™*» time immediate^ befo rltT '° r a preoe 'ar- 
teratron. As described L„ t c °mP'etion of the al 
variabfe speed of £ ?£^^P^«*?i£ 
fluctuations -lh.^££* fe tow ' 

Prevented. H 96 0ftne active fitter can be 

«"£SJ ££*^*". - air 

rectified^r^S ' 0r ^^'"a a " AC vottaqe 
a DC vottage; fiCa ' ,0n mea "s to be converted £ 

c ^ZyTzz^S: r version mea "= ^ 

'"9 means i nto ^ACv^L T^^ s ™oth- 
quency vary; VOlta 9 e whose voltage and ft£ 

ourren, ,o be an app^™? ™! anS ' for taping an lnp °" 
an in pu , voC ^ ^ Wave almos, in phase 

of fte oH^ s " ans for detect,n9 a ,oad s,a,e 

voltage^ ^act^mlT™ Settin 9 an output 
« Power conprS tr^" 9 f ° (he *« S 

According to the 0U,pU, volta 9e. 

lo ad state detection mean, t H P W6rC ^ ress orby the 

vottage setting means ' SSe,bv 'be output 

'he load state detect^ean? th" d9 ' eCt,on va '«> ° 

Therefore, even if th~ 

«*9P- due to an IS^ 0 ** ' r0m »» active 
f^'b^reas^ 

•ne/oad by, he act ^^ e ^P U voltage accofdin9 , 0 
P« voltege can 5e p^^"*"* a drop in out 
"o <oad of the power cc^ol " ° <her hand . when 
'owering fne output voET? beC ° mes W*r. by 
^ans according to the £ a " s " ^ f '" er ^tro, 
be prevented. Therefore ml " ° Utput vo »age can 
ables the output to SS??*"*"^ S 

spectively 0 f variations^ ^ COns,a "' -re- 
'-^r»oachieve 1 he°a a b: veobjectt . 

ooject, the seventh air 
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conditioning device in ^ 

"ention includes aCC ° rdance «*> the p reV e n t h 

smoothing means f«r 

rectified by ,herec,SJn m 00,hin9 an AC Cottage 
a DC voltage; Cat '° n means *> be converted £ 

,n 9 means into an AC vn/t-T ° ,ta 9e from the smooth- 

an active filter formed h!, Compress or; 

means and the smooS mean! r° ,h6 
current to be an approximLT! ' '° r Shapin 9 an input 
,s wrth an input volteaJ » T S '" e wave a 'most in Dha " 
'"9 .ha, of the Oc vofiagT aHe P °' enf ' a ' 'bereof rnatclv 
means; °« a 9e-altenng voltage conversion 

m fl"er;ar efi ' ,erCO -«-ns,orcon,ro, (i ng,heac,ive 

According , 0 , he seven* 1*^ I temi ™ 
'be power source means ml Phoning device in 
«*0MC vottage Se?Z^ PO,Wti a'of.he DC 
Potential of , he active S^T" and ,h * 9round 
source for , he active fitter elf? 6ntiCa '' ,he Power 
30 r^' 0r,heDCv °4e-ATJl meanSand ' h epower 
are used in common ££™ ^9e conversion means 

"won maite, acc °'*~» « n. p, s C ,„ 

a DC voltage; means to be converted into 

* ^*X^^£r«°» —s for 
"9 means into an AC volant ' ge 1rom 'he smooth- 
9uency vary to be appj° ^ ^ voltage and £ 
an active fitter formS h!, ' pressor; 

r b aCtekeCOi, -^ac,iveS^ art ^fi''arinc l ud- 
° be an app roximate sj £****>B an input current 
«P« voltage by adjustin TH. phase wtth an 

smoothing means th/ou^hech^ CUrfem into 'be 
ss SWtch, n9 element; and h ° ke co " b V switching a 

^antflo^ngthl;^ 
Agency of the AC power source CO, ' anC,anou, P u ' 
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According to the eighth air conditioning device, for 
example, when a switching frequency is raised accord- 
ing to an increase in current flowing through the choke 
coil by the control of the switching control means, even 
if the inductance of the choke coil is lowered due to the 
direct current superimposing characteristic, an increase 
in ripple current can be prevented. This is true also in the 
case of raising the switching frequency when the output 
frequency of the alternating source is raised. 

In order to achieve the above objects, the ninth air 
conditioning device in accordance with the present in- 
vention includes: < 

rectification means for rectifying an AC voltage out- 
putted from an AC power source: 

smoothing means for smoothing an AC voltage 
rectified by the rectification means to be converted into 
a DC voltage; 

a DC voltage- AC voltage conversion means for 
converting by chopping the DC voltage trom the smooth- 
ing means into an AC voltage whose voltage and fre- 
quency vary to be applied to the power compressor; 

an active filter formed between the rectification 
means and the smoothing means, for shaping an input 
current to be an approximate sine wave almost in phase 
with an input voltage; 

active filter control means for controlling the active 

filter; 

overvoltage detection means for detecting that an 
output voltage from the active filter is an overvoltage of 
not less than a predetermined voltage; and 

power supply stop means for stopping a power to 
be supplied to the active filter control means when the 
output voltage from the active filter is an overvoltage. 

According to the ninth air conditioning device, upon 
detecting an excess output voltage from the active filter 
by the overvoltage detection means, the power supply 
to the active filter control means is stopped by the power 
supply stop means. Then, the active filter control means 
stops the control of the active filter by stopping the power 
to be supplied thereto. As a result, the active filter can 
be surely prevented from overheating even if an over- 
heat of the output voltage occurs by any cause. 

In order to achieve the above objects, the tenth air 
conditioning device in accordance with the prevent in- 
vention includes: 

rectification means for rectifying an AC voltage out- 
putted from an AC power source: 

smoothing means for smoothing an AC voltage 
rectified by the rectification means to be converted into 
a DC voltage; 

a DC voltage- AC voltage conversion means for 
converting by chopping the DC voltage from the smooth- 
ing means into an AC voltage whose voltage and fre- 
quency vary to be applied to a power compressor; 

an active filter formed between the rectification 
means and the smoothing means, for shaping an input 
current to be an approximate sine wave almost in phase 
with an input voltage; 



output voltage detection means for detecting an 
output voltage from the active filter; 

error detection means for detecting a difference 
between an output voltage and a reference voltage set 
s beforehand; 

output control means for controlling an output volt- 
age from the active filter to be maintained constant based 
on the difference; and 

limiting means for limiting the difference between 
10 the output voltage and the reference voltage to be not 
more than a predetermined value when starting up the 
active filter. 

According to the tenth air conditioning device, a dif- 
ference between the output voltage detected by the out- 

15 put voltage detection means and the reference voltage 
is detected by the error detection means. Then, the out- 
put voltage from the active filter is maintained constant 
under the control of the output control means. On the 
other hand, when starting up the active fitter, the control 

20 means limits the difference to be not more than a prede- 
termined value. As a result, since the difference between 
the output voltage and a reference voltage becomes 
smaller than . the actual value, an excess rise in output 
voltage due to a great difference between the output volt- 

2S age at turn-on time and the target voltage of the output 
voltage can be prevented. 

In order to achieve the above objects, the eleventh 
air conditioning device in accordance with the present 
invention includes: 

30 rectification means for rectifying an AC voltage out- 

putted from an AC power source; 

smoothing means for smoothing an AC voltage 
rectified by the rectification means to be converted into 
a DC voltage; 

35 a DC voltage-AC voltage conversion means for 

converting by chopping the DC voltage from the smooth- 
ing means into an AC voltage whose voltage and fre- 
quency vary to be applied to a power compressor; 

an active filter formed between the rectification 

40 means and the smoothing means, the active filter shap- 
ing an input voltage to be an approximate sine wave al- 
most in phase with an input voltage by adjusting a flow 
of current into the smoothing means by switching a 
switching element; 

45 zero cross detection means for detecting a zero 

cross point of the input voltage of the active filter; and 

activation means for starting up the active filler at 
a zero cross point of the input voltage. 

According to the eleventh air conditioning device, 

so upon detecting a zero cross point of the input voltage by 
the zero cross detection means, the active filter is acti- 
vated by the activation means at the zero cross point. 
Since the amplitude of the input voltage becomes zero 
at a zero cross point, the switching width of the switching 

55 element is minimized. Therefore, when starting up the 
active filter at which the difference between the actual 
output voltage and the target voltage is maximized, the 
current flowing through the switching element becomes 
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thes Wrt c hingelement her ;^ «he maximum rate of 

« cost of the switching elemlnf w ' and,he reductio " 
bitty can be achieved "* a " improve d relia- 

eJSSJ STaccir 9 °** ,he «~» a " 
mention includes. accorda nce wrth the present h- 

a DC voltage; eC, " ,Ca,,on me ans to be converted into 

*W means into a^^^*™»»«nooih- 
°^ncy vary to be appnSS o^L V °" age and ,re - 
an active filter fa™^t P Werc0nl P ress or. 

^^andthesm^r^ ^" reC,ifica,io " 
in 9 a choke coil ^ he*,* 

approximate sin e w^LnnTh ' ^ '° be an 
voltage by adjustinq a flow P 356 * ftn an input 

-eans through II?^£^^-"o*£q 
element; and C °" bv swrtc hing a switching 

darting up the active filter PredSterm,ne d time after 

since A me° r Xtce e o ;Th?l a i r °° n * ,on ^ de vice, 
predetermined time aftl ^ inCreases a 

J- Stance t£ «*• * 

through the choke coil for »hl Current flow 'ng 

Therefore, when acTi £ a LT? s ™»«- 
f'owingthroughtheswSL,! ,he ^ent 

thereby enabling a "m J? ^ ment ^es smaller. 

Pitching element CeSe a 7™ CUrren » of ,h e 
Pitching element and 1 -L If™ " «* °< 
achieved as in the case JuK re,iab,,Hy can he 
device. aSe of ,ne Seventh air conditioning 

a * itSl^ «** *• thirteenth 
invention include acc °*ance with the present 

a DC voltage; ns t0 be converted into 

^eln^T^^eoT. ^ers/on means for 
'"9 means into ar Tac £L£ VC f 9e ,r ° m the Sf noo,h- 
vary to be ^^^^ ™ 
an active filter fr™,^ u power compressor; 
m ^and, h een^Sm^ e,W r n the rec,ifica,i - 
current to be an app^SsT"' °' an 
with an input voltage w ave almost in phase 

vo-tagensesetting means fo rset,ing avolta9e , se 
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5 voltage rise value emterbased °n a predetermined 

«on means, a voltage Zl 9 , 6 * AC VO,,a 9 e W 
set according , h e AC volte f lhe OUtDut v °«a 9 e is 
" hse setting L^tS^^**"** 
fuch that, forexamp,e Svo Jl 96 Va,Ue is se < 
Vair conditioning device Tslw? 9 6 Va ' Ue for,he 10 ° 
200 V air conditi^n^ ESTST ^ 38 that 0f ,he 
-s controlled by the actrve EL W3y ' the active filter 
» the set value. f " ,er con,ro ' "^ans based on 

age i^7:z a sr b ;TT ,es theou ^- 

epectively of the AC vSa° T 22 C ° nStanl lrre " 
kinds of the AC voltage the It f 6 ' amon 9 ™erent 
* common, thereby reducing^T be Used * 

'n order to achieve above ^ °' con ^»- 
air conditioning device n a™ ,he 1ounee ™ 

invention includes acc0fd ance with the present 

- AC voltage 

a DC voltage; ans to be converted into 

- -vert^ -ans for 

in 9 means into a , ^ vS° ^ VO " a 9 efr °mthesmoo,h- 
^ency van, to be vo "a 9 e and fre- 

an active filter oZTA^ Wer com P r essor: 
meansandthesmSthri W6en ,he rec,ific ation 

most in phase with an inpm SZT* She Wave al ' 
ot current into the ^Sn^^f usti "9aflow 
switching element- m °°' n,n 9 m eans by switching a 

'"Put current of the acCS ^ Ph8Se an 9'e of the 
voltage of the active filte ' and 8 Ph8Se ° f the in P"t 

^rrdTngtr^ 
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the sine wave like * COndi,io ™ng device, 

generation means Z^E^*™ - wave 
the actual input current Thl . he wav eform of 

made in phase with me nlut v 7 ^ ' ite Wavefor ^ •» 
55 of the switching e^TenT" ^ Th9n ' thas w«ching 
control means baseTon ne ^ tr °" ed by the swi, ching 
Phase with the input ZZlZ T* m ° m in 
means. P °' ,a9e Dv the switching control 
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„ hP n a large distortion of the .nput 
Therefore evenWh , en ^ s 9 |neWaV e like waveform. 

ue wrthout being affected In gene ^ by 

wa ve like waveform ^J^resutt. an improved 
cafculationbytnecom^e^ ^ be achjeved , 

noise resistance O *e «av 

the accompanying drawings. 
DESCRIPTION OF THE EMBODIMENTS 

[FIRST EMBODIMENT] 



I >— ' 

through Fig. 3 conditioning-device «\» 

As shown .n F.g. 1. * n j*' ent deludes a bndge 

rectifying c.rcuit 2. a wnoojjj I c source systern . 

circuit 4 and an acUve Mer 5 as a p ^ 
Thcaircondit.on.ngdov.cealso. sectlQn 

detecting section 7, ^ °^* V ° a s ^ chin g control sec- 
8. an inverter c^ rolsect.^ in f igures) as a 

tion 12 and an ^^^T^ section 11 is corn- 
control sysiem The ,.n, conjo ^ 
posed of a rrucrooomputeKl* for generatlng 

The power source system . MPfO comrner cial 
a oc vdiage by f^T^^SSS «*«« 2 and 

power compressor 6. transistors 21 

The inverter circuit 4 - ^ Tne transistors 

through 26 and six diodes 31 , WO 9 ^ ^ transjstors 
21 and 22. the trans.stors 23*^ between 
25 and 26 are ^^Thfother hand, the di- 
tto AC power source ^ CO nnected to the 
odes 31 through 36 are respect. • » ^ 
transistors 21 through f™*** by switching the 

junctions between the tJ-^S^ 26 . The power 

nected between the b-jflj^g?,^ 5 deludes a 
smoothing condenser ^ ™ e d a po Wer tran- 

choke coil 41 , atast '^^nln, an insulating gate 

sistor 43. in the PT^SSE P°w°< « ansiSt °' 43 
bipolar transistor « adopted as P 



. inh soeeo switching element may be 
However, other high speeo s 

used onrt the last recovery diode 42 are 

Thechokeco.141 andthejast ^ Qf 

provided in series ^^ nstetor 43 (switchingel- 
£ power source line. ™P°"T ^tor thereol is con- 
Vmenn is arranged such that a co ^ 41 and 

nectedtoaiunctionof oneend^ ^ ^ ^ 

- nSreSrSispro : d^ 

monic -"PP^^SSS-chotoooi^ with 
Bcontrolsacurrentflow ng^ro g con . 

respect to the P"^^ i 41 and the last recovery 
, 5 denser 3through the chote oo 43 
diode 42 by switching the power 

m ,hecontrolsystem o hem,cr tQ 

switching ol the transistor^ 2 h ^ ^ ^ f 

Theinput voltage det^g^' ted be tween 
an.nputvoltagetotheact-eWerS^ 

35 tecting section 8 also ^'"des^ 0 dvldes 

circuit. The ^^SgtS^eac^efmerSgen- 

a state detecting section w microcomputer 
Based on the control ^Jlrcm^ sect ion 12a 

generates a «*W ^Xge detecting section 
46 voltage deteet* I by he inputv J ^ 

7 More specifically, the norm 43 so as to ad- 

trolsthe ON/OFF ol the P^jj^^^hing condenser 3 
jus t the current flowing jrtotoe d|Qde 
U the choke co. 4 I waveform trom 

so 42 in synchronous wrth ^the .npu ^ rf ^ nor . 

thebridgerectifyingcrcurt^By ^ „ 

mal driving section 12a, me w 

Shaped to be an «PP roX,m !^ n1 2b controls an output 
ThevoltageadjustingeectK) 2b qn/oFF q , 

ss voltage by varying ^^achange in output 
th e P owertrans|stor43acood,g ^ tjngs 

voltage detected by th % m 5 is adjusted to 
a The output voltage of the aeu 
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output vottage 5 bas ^ on the 

action 8. More speSv " p V ° ,ta9e 
l2cou.pu.sana bn P 0 ^S y d '^ ( s,a 'e detecting section 
taction voltage from Sj£2? C ^ 9S, 9 na ' w henthede- 
8 is set belowa p^eteS^T sectio " 
active filter 5 in the abZZTJ* S ° 38 ,0 de,ec < th e 
. The microcomputerTcoSor *! St ° P Sta,e 
«r conditioner based on the SnS Section °' th e 
section (not shown) provid^Tn ! 1 Set b V operating 
conditioner of the P ZZ embl ^ 01 the * 
Putor 14 outputs a drive c "^^ 'T The micr °com- 
«* 15 based on the SSSgZ* ,he d ™"9 cir- 
P"t voltage detecting sec, ^ d ^ C,ed b V the out- 
9enera.es a drive signal toTel r V™" 9 Circuit ™ 
<ransis.ors2i throu 9 r 2 6a°al/' P, r t0 3 6336 of <»e 
signal. 9 " * at a t,mm 9 based on the control 

«ve filter 5 byme sSe abn °' m3 " ,y h the «> 

t^ microcomputer 4 defemi ? 9 12c F ^her, 

P-ssor 6 is h the *« *• power corn- 

ered in the inverter circuTa 1 abnorma ' rt y has oc- 
hy the ou, pu , voltage deS nQ ? en 3 d<3,eC,ed 
determined value, and Shi 8 SXCeeds a P~- 
tennined vo,tag e ^ 2SZLTZ * prede " 

A circuit for connects rhT ^ filter 5 - 
the switching control Z2L £ ~ 00 "**' " 

and 

The microcomputer Tand r eeXP ' ained 
section l 2 are electrically insured a h""™" 9 COntr °' 

communication of the IflJ? C6S 16and 17 

through the interface sec.io^ J t Perf0rmed 

P^^ndthesw^hCmr 

As shown in Fig 2 the int» rf = 
Posed of the photocouple? 1 3 is Am- 

pler 1 3a is composed of a liSf J ° The Photocou- 
Photo transistor 1 9 The n h !? m ' tt,n9 diode ™ and a 
of a light emittingS: 5 P anSTr^ 13b * 
Photocoupler and X Se S° t ? n8i8,w 46 The 

^s^^s?' sec,ion 210 

-ode ^ISS^-W-ch that an 

acathode thereof is connected«om P ° WerSOlJrCe 17 ' a "d 

h°n t2c. The photo t rans"sto? o S,atede,ec,in 9 se c- 
'he collector is c^Xa ^ "* 

P°rt (hereinafter simply referred rn " 18 '^ * lecMon 

m-crocomputer 14andVe pow d r 8 P ° rt) S of ,he 

The light emittingd^s ,s« tft 

anode thereof is connecfed to th *" SUCh tna « a " 
a cathode thereof is co^fc, ° to S ° Ur ° e 16 and 

microcomputer 14 through hi . 38 3 P ° rt) T ° f the 
transistor 46 is arJZ^^T' ^ Ph ° t0 
"ected ,0 the power sourceT 'arS ^t Sector is con- 
section , 2a , hrough tne * the norma, driving 
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-normalise a.Tdb! .nT^" 9 12 
sition in the described XI a " ?* ,he ON P°" 

Ports" EZ:^' ™ to the 

fi'terSandtheswitchinn^ , determ,n es that the active 
70 ma 'sta.e,and;™r a 0 S Se T" 12areint "en°" 
W J. in response^ 5? ST h ?T tam ,he 
13b ,s set in its ON position and Pth P no toooupler 
to the normal driving secS\ 2 ? f ^ fe SU PP ,ie d 
M 17 - As a result, the normTd Jn fhe power source 
/£ the operable state '" 9 S6ct,on 12 a is set in 

section 12 to stop, the D hS, ? SWI,cninQ con trol 
p Position. As a resuft the P 1 * S6t in i,s OFF 
20 'he port s o, the miaocoS, r 1 Si9n3 ' ' S inpu " e d .0 

s-ttching control seSTJtthi 4 ' ^ When lha 
abnormality in the active fiife 5 i s J t n ° rma ' State ' « ™ 
detecting section 12 C , he ** ,h e state 

30 a low level OFF S ig na ?,Xt 0 " 12 ' and ,ra "smits 

<s not supplied to the normal dr ^ S ' 9na '' anda Power . 
Power source 17 . As a h^ 9 SeC, '° n 12a 'romthe 

35 12a ; s -''naninc P e^r e en ° rm3,drMn9s ^ 

thepre^U^ accordance with 

operational unit, a h^Z n^ 9aStartbuttonoi ^ 
from the po rt Tof t he^coco°, S ' 9na ' ' S ,rans ™"ed 
Photocoupler 13b inihTo^ pUt6r 14 80 as to set the 
- supp (ieat P Jt^^ 

as shown in Fig. 3, the LSI 12 As a result, 

after an elapse 0 fa're de 2 , ' t !, r5 Starts drivirl 9 and 
cuit 4 also starts drMng " " me ' ^ inVerter cir " 

bndge rectifying circuit 2 and m" 6 re ° W,ed b Y the 
"» 5- The switch^ a onJof n,nPUtted,0,heac ' iv e 
ON/OFF the power transistor 43 C, '° n 12 switches 

siSna.from^emic.ocZu.e r u fT"" 9 '° 9 C ° n,rol 
50 a 9eftom,heac,ive fi ,, e ^ 

Since the power transit ,he S& va,ue 
sition when the cuTen T 43 * S Set in ,h e OFF p 0 . 

the choke coil 4,. OnThe ote r h ^ in 

55 transistor 43 i s turned ON I k' SinCe the P° w er 
through the collector and 11^" CUrrem ^ing 
J han a predetermined va,ue »hT ^ hi 9her 
choke coil 41 is released P ° W6r S,ored the 
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As a result, the input current waveform becomes a 
sine wave in phase with the input voltage waveform, and 
the output voltage from the active filter 5 is raised to a 
predetermined value. The raised output voltage is 
smoothened by the smoothing condenser 3, and then 
supplied to the inverter circuit 4. As a result, the gener- 
ation of the harmonic current can be suppressed, and 
the power factor can be improved, thereby achieving an 
effective use of the power source. 

On the other hand, when the inverter circuit 4 starts 
driving, a drive control signal is outputted from the mi- 
crocomputer 1 4 to the driving circuit 1 5. Then, the driving 
circuit 15 switches the six transistors 21 through 26. As 
a result, the output voltage from the active filter 5 is 
chopped. The power compressor 6 is driven with an ap- 
plication of the chopped voltage (PWM waveform). By 
driving the power compressor 6 in the described manner, 
the air conditioner of the present invention starts driving. 

During the operation of the air conditioner in accord- 
ance with the present inverition : the switching control 
section 1 2 always detects an output voltage from the ac- 
tive filter 5 by the output voltage detecting section 8. The 
switching control section 12 adjusts the output voltage 
by varying the time duration of the ON/OFF of the power 
transistor 43 according to the change in the output volt- 
age. 

The photocoupler 13a is always set in the ON posi- 
tion by the state detecting section 12c, and thus a low 
level signal is inputted to the port S of the microcomputer 
14. Then, from the low level signal, the microcomputer 
1 4 determines that the active filter 5 or the switching con- 
trol section 1 2 is in the normal state, and continues the 
normal operation of the air conditioner of the present em- 
bodiment. 

By stopping the supply of the power, for example, 
when an abnormality occurs in the active filter 5 or the 
switching control section 12, the photocouplers 13a and 
1 3b are turned OFF in the interface section 1 3. Thus, the 
active filter 5 is stopped driving, and the application volt- 
age to the power compressor 6 becomes short, thereby 
presenting the problem that the power compressor 6 is 
easily locked, or may even stop operating. 

In order to counteract the above-mentioned prob- 
lem, the photocoupler 13a is set in the OFF position, so 
that the signal of the high level is inputted to the port S. 
In response to the input signal, the microcomputer 14 
determines that an abnormality has occurred in the ac- 
tive filler 5 or the switching control section 12, and stops 
the operation of the inverter circuit 4 immediately. 

The shortage of the application voltage to the power 
compressor 6 due to the abnormality occurred in the ac- 
tive filter 5 can be prevented by other arrangements (to 
be described later). 

Furthermore, the microcomputer 14 always detects 
the output voltage from the active filter 5 by the output 
voltage detecting section 8. For example, when the op- 
eration of the power compressor 6 is stopped, or the ab- 
normality has occurred in the inverter circuit 4, the output 



voltage would exceed the set value and is further raised 
above an overvoltage detection value (shown in Fig. 3). 
Then, a low level OFF signal is sent from the port T of 
the microcomputer 14. In response to the low level OFF 

s signal, the photocoupler 13b is set in the OFF position. 
When the photocoupler 1 3b is set in the OFF position, 
as the power supply to the normal driving section 12a is 
stopped, the active filter 5 would be stopped operating. 
Additionally, when the active filter 5 or the inverter 

to circuit 4 is stopped due to the abnormality occurred 
therein, the user would be informed by an LED, buzzer, 
etc., formed on the indoor unit of the air conditioner of * 
the present embodiment. In the case where the air con- 
ditioner of the present embodiment is stopped by press- 
is ing the stop button in the operational unit, or by automat- 
ically stopping the air conditioner by the timer, the invert- 
er circuit 4 also stops driving. After a predetermined time 
has elapsed after stopping the inverter circuit, the active 
filter 5 is also stopped driving, thereby terminating the 

20 operation of the air conditioner. 

As described, a signal is transmitted and received 
between the microcomputer 1 4 and the switching control 
section 1 2 through the interface section 1 3 composed of 
the photocouplers 1 3a and 1 3b. Therefore, when an ab- 

2B normality has occurred in the active filter 5 or the switch- 
ing control section 1 2, a signal of the high level is inputted 
to the port S so as to inform the microcomputer 1 4 of the 
occurrence of the abnormality. As a result, the active filter 
5 can be prevented from being driven by the microcom- 

30 puter 14 even when the abnormality has occurred. 

The microcomputer 14 stops the inverter circuit 4 
upon detecting the abnormal state or the stop state of 
the active filter 5 or the switching control section 12. As 
a result, the power compressor 6 can be prevented from 

35 being locked due to the shortage of the application volt- 
age. 

Furthermore, when the output voltage from the ac- 
tive filter 5 is raised above the overvoltage detection val- 
ue, the microcomputer 14 determines that the inverter 

40 circuit 4 is in the abnormal state or the stop state and 
stops the operation of the active filter 5. As a result, the 
smoothing condenser 3 and the inverter circuit 4 can be 
prevented from breaking due to the overvoltage, and the 
occurrence of the secondary fault can be prevented. 

45 When the active filter 5 starts driving, the output volt- 
age is raised with respect to the input voltage. Here, in 
response to the time lag of the feedback through the out- 
put voltage detecting section 8, as shown in Fig. 3, the 
output voltage may be raised above the overvoltage de- 

50 tection value for an instant. Furthermore, since a steady 
output voltage cannot be achieved also when the inverter 
circuit 4 starts and stops driving, the overvoltage may be 
generated as in the aforementioned case. In this case, 
although each section is being driven in a normal condi- 

55 tion, the microcomputer 1 4 determines it to be in the ab- 
normal condition by the overvoltage protecting function 
and stops the active filter 5. 

As shown in Fig. 3 : in the microcomputer 14, an ab- 
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lately after startin Eft^ ° rf ° rmed ' isse » Re- 
verter circuit 14 w^EES ,he d ™ng of the in . 
of 'he active fitter 5 T*e?ol\ f**" 3 the d™ng 
nar is inputted ,o mJwt^V* 6 ^ ,eve,si 9 
inhibiting periodt, the aie E « ^"^'"V detection 

active ,i,, er 5 and £ * ««* the problem ^ ^ 
normal operation can JZ^^f s, °PPed in the 

aircondrtionerofthr^^ 
tion. 6 present Benton in a stable condi- 

However, the presem invent n Sec,i °n 12. 
•he state detecting EES,",? 10 fnis ' « 
separately provided 3C,Ua,ed by a 

PWer 1 4orir.eswitch,W^, " r ° m tne microcom- 
" -ay be also enE^SEE" * 
a/so serves as the state detect m,croc omputer 1 4 
detecting , he state EEEr*? 1 *c for directly 
control section 12 ° '" ,er 5 or ,h e switching 

^■^eeest? 8 *-^- 

As shown in Fig 4 C f ° h T P " eXp ' ained 
dudes a fautt detect! sS^? 6 " arrangement in- 
of the active filter 5 andS E *" ,he fault 

The faut, detecthg ^"T 1 S6C,ion 52 ' 

Seeing the fault of E2JL 1"°% * Circuit *» 
detecting the toad state oHh e n n! 5 ' for ^ple, by 

•ecting section 8 or the c rcTl?" ° UtpU ' de- 
rent. When using the 1 f ? rde,ec,in 9 the load cur- 
- the fault JSgSS^""** section 8 

the driving signal volteae to h! f Corre, a«on between 
oui. 4 from the inveSalToS^ 6 
ating frequency °' Sec,,on 11 and the oper- 

operating frequency is ZZV? C ' rCUft 4 a "d the 
Wter 5 is being operated ^ aS f Sumpti on that the active 
(a), the correLion n e wm 33 ShOWn in Fi 9 5 
However, when the ac,£ fZ" ^ 106 W » 
^Itage rising operaS bv he r ' ai ' Ure ' Since the 
Performed, as shown^ fV s^T 5 C ™ be 
tua "V applied to the powe CO mo ' VOltage to De ac " 

On the other hand fn 6 W ° U,d dro P 

active fitters, the paZn chan 0 ^ en, * 8 fai ' Ure in *• 
V/F pattern (the fcEESE 6 ^!° n 52 Ganges the 
of theactivefitter)a SS how^ L p f " ° 9 the off P° siti °n 
a failure occurs in the ? ASareSU "< wh en 
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As a result the ™ a ° ' h6 active fm er 5. 
5 he actuafly 3^0^^^ >° 
5 operating frequency is mainta^ P 6SS ° r 6 and the 
'V of the state of »h SEE ^ irrespective- 
as shown in Fig 6 fb) tZJ ( °™ al 0r abnormal) 
- the active it %2„T* 8 ^ ^ 

oU ^^emer5Asp°^T ,heuser of the failure 
f e «he buzzer, e.c, is ^5 ' men,i °ned, the LED, 
' 5 no. in the normal opeSo°i ST' " Ser that rt is 
the operation of the at coZ nn f ^ ' nis enab, es 
emergency operation ^^^a** 1 
-can manage the SEEEE"*" 
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•-•Srs'SEJ discuss - 

7 through Fig 22 fT^ " refere nce to Fig 

* m embershav^g,hesam^rr nCe ex P la nations 
'-en, Wi „ be -iE^ES^ f "« embod- 
als, and thus the descrio^n 1 reference numer- 
here. descnphon thereof shall be omitted 

*> ^ntt^en^ accordance 
"9 control section 6 TZ llT' *" Wi,h ,he switch- 
's provided for controllino ^ ^ 1 9 contro1 section 60 . 

trol signal to be apn| jed P " 4 W,dtn 0,a switching con- 
35 er transistor 43 The sw° tl ^ of *" PO W - 

a 9 e from the act^e fitter EE? ma ' nanoutputv o«- 

- f s ^n 62 ,arefe^ p n 0 ^ s ^ 

66. an amplifiers/, an oscillatorls » ' 3 multiplier 
a driving circuit 70 The swSh acom P a rator69and 
dudes resistors 71 ZluZ £ 9 COn,^0, Sec,i °n 60 in- 
« taction circuit, a «mEE S ^ ° Vervo "a9e pro- 
Other than maEEnS 1 8 f** ?& 
rator 74 and the switch 75 ZL * ^ ' he Com P a - 
c|rcui, incudes resist ^ 7 7 a d ^ThT^ Pr ° ,eCfoQ 
77 are formed between th." " e resistors 76 and 

and detecting the oufcSEEE f ° fdiVid " 1 9 
A main control sect o^™ ,he ac,ive filte r 5. 

a 9 e detecting seS'° th^T^ °' the input v °<t- 
section 62, the reference oil V ° ,>a9 ° de,e cting 

ss Plifier 64, the input SOWCe 63 ' ,h e error am 

flpfler66,theanX;^^^^^ 

-•or 69 and the driSg^ ,he oompa- 
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tioned conventional air conditioner (see Fig. 51). 

That is, in the main control section, the DC voltage 
generated in the smoothing condenser 3 is detected by 
the output voltage detecting section 62, and the voltage 
difference between the detected value and the reference 
voltage generated from the reference power source 63 
is outputted from the error amplifier 64. In the multiplier 
66, the difference voltage from the error amplifier 64 is 
multiplied by the voltage waveform from the input voltage 
detecting section 61 . while the current to be inputted to 
the active filter 5 is fetched from the emitter side of the 
power transistor 33, and the signal voltage according to 
the current value is detected by the input current detect- 
ing section 65. 

In the amplifier 67, the difference -between the de- 
tection value and the output from the multiplier 66 is am- 
plified. The output from the amplifier 67 is converted to 
a PWM signal by the PWM circuit composed of the com- 
parator 69 and the oscillator 68. The PWM signal is am- 
plified by the driving circuit 70 to be applied to the control 
electrode of the power transistor 43. *. 

The main control section varies the pulse width of 
the PWM signal so as to maintain the output voltage con- 
stant by the applying the feedback control to the output 
voltage from the active filter 5. The main control section 
performs a switching control so that the input current of 
the active filter 5 becomes a sine wave in phase with the 
input voltage. 

In the overvoltage protecting circuit, the output volt- 
age (detection voltage) from the active filter 5 divided by 
the resistors 76 and 77 is compared with the DC voltage 
(protective voltage) divided by the resistors 71 and 72 in 
the comparator 74. As a result of comparison, if the de- 
tection voltage is greater than the protective voltage, the 
output from the driving circuit 70 is forced to be stopped 
by the output from the comparator 74. 

In the overvoltage protection circuit, for a predeter- 
mined time from the start of the active filter 5 or the power 
compressor 6, the switch 75 is closed in response to an 
instruction from the inverter control section 1 1 . In this pe- 
riod, as shown in Fig. 8, the resistor 73 is added to the 
resistor 71 , and the protective voltage is raised. As a re- 
sult, even if an overshoot occurs in the output voltage 
from the active filter 5, the overvoltage protection circuit 
will not be operated. 

In this state, although the absolute level of the rise 
in output voltage due to the overshoot is large, since this 
occurs for only a several tens milli seconds, the rise is 
within the maximum rates of the active filter 5, the tran- 
sistors 21 through 26 of the inverter circuit 4 and the 
smoothing condenser 3. Therefore, the problem of an el- 
ement failure, a shorter duration of life, a lower perform- 
ance, etc., can be prevented. Therefore, the protective 
voltage can be temporarily raised without problem. 

In order to prevent the operation error of the over- 
voltage protecting circuit due to the overshoot, the air 
conditioner in accordance with the present embodiment 
may include a low pass filter 81 formed in the secondary 



stage of the output voltage detecting section 62 as 
shown in Fig. 9. According to this arrangement, as shown 
in Fig. 10. a high frequency component of the ringing of 
the output voltage from the active filter 5 is cut by the low 

s pass filter 81 , and thus when the output voltage is input- 
ted to the error amplifier 64, it is already rounded. There- 
fore, the feedback system which is mainly composed of 
the error amplifier 64 shown in Fig. 9 can be prevented 
from over reacting to the ringing. As a result, the outputs 

10 from the error amplifier 64 and the multiplier 66 can be 
prevented from varying greatly, thereby preventing the 
overshoot of the output voltage from the active filter 5. 

Furthermore, the air conditioner of the present em- 
bodiment includes a time constant change section 82 as 

is shown in Fig. 1 1 for preventing the operation error of the 
overvoltage protection circuit due to the overshoot. 

The time constant change section 82 includes the 
resistor 82a and the condensers 82b and 82c which are 
connected in parallel between the input terminal and the 

20 output terminal of the error amplifier 64. 

The switch 82d is arranged so as to be closed by the 
control signal which is generated from the inverter con- 
trol section 11 for a predetermined time from the start of 
the power compressor 6. The time constant change sec- 

25 tion 82 having the described arrangement alters the time 
constant of the feedback system to a greater value in the 
described period. 

As a result, as shown in Fig. 1 2, the feedback system 
will not be over reacted to the ringing. Therefore, the out- 

30 put voltage from the active filter 5 changes smoothly until 
it reaches the normal state. Therefore, when starting the 
power compressor 6, an occurrence of overshoot in the 
output voltage from the active filter 5 can be prevented. 
Another arrangement of the overvoltage protection 

35 circuit is shown in Fig. 13, wherein a voltage dividing cir- 
cuit composed of resistors 86 through 88 connected in 
series is adopted. The voltage dividing circuit is used 
also as means for detecting an output voltage from an 
output voltage detecting section 62 and determines an 

40 output voltage based on the resistor 88. The voltage di- 
viding circuit determines the output voltage for the over- 
voltage protection circuit by the resistors 87 and 88. 

The difference between the output voltage and the 
protective voltage is determined by the voltages on both 

45 sides of the resistors 88. Therefore, when starting the 
active filter 5, an output voltage is detected by the output 
voltage detecting circuit 62a in the output voltage detect- 
ing section 62. Then, by setting the protective voltage 
based on the output voltage by the protective voltage set- 

50 ting circuit 89, the difference between the output voltage 
and the protective voltage, i.e., the detection margin can 
be maintained constant irrespectively of the level of the 
output voltage. As a result, the problem that the overvolt- 
age protection circuit is likely to be operated by making 

55 smaller the detection margin can be eliminated. 

According to the air conditioner of the present em- 
bodiment, the inverter control section 11 controls the op- 
erating frequency so as to alter the varying speed of the 
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operating frequencv at a 

^ en required to qr e a l a T ^ miined time Period 
«* toran emergency Smote I^"" 9 ,rec ' ue "- 
P^ssorSis started ortsu^ h en,he ^ Wer ^- 
c *>r example, W h en f^" 98 'oad. 

f. asshown in Fig. H^peS 0?°^ 
from 15 Hz to 20 Hz in a Zl ? frequenc V increases 

oiaps e dafter, h es,art"i m r^ en °f' 1 ( '° r 15sec °"ds 
* a time period , 2 * iS raised «° 55 

to 45 seconds after fte^ET* UOm 15 seco ^s 
60 Hzata timeperiod ,!S iS' *? ,Urtner rai *ed to 
to60secondsat,er,n^^ 
a nd t 3 , a change rateofth^ ' " ' he ,ime periods t, 
H^s which is by fa??oZnl*T tin9 0.38 
(0 75 Hz/s) of the convent JS. Chan 9 e «e 

Therefore in the Z J ° nal arran 9ement. 
to*nm«££!ZZ*2 ™* an increase 
Pressed. Therefore, eve" i SST* 6 '" S ^ SU P" 

Penod, 2 isnigherthantheinvemi 9 f ^ 91 ' ne time 
'"Put current of the activeTer I ™* the 

Rowing fluctuations fromlesterft 18 Wi,nou ' 
15. tnes,artt,f "eassho W ninRg. 

In order to reduce th^ ■ 

through the choke coil 4 ZZ J C °" CUrrent flo «"ng 
the choke coi, 41 reduces 2 1 ' he ,nducta "o e of 

a ndRg. IS.astheswitchinofl " formu,a 0) 

sistor 43 increases!" Xl*^ 01 ^™"™- 
'ore.asshowninFig ? S r^' fedUCeS - T "ere- 
duency as the coi, cu^fncre^f 6 SWitchir * *- 
P'e current can be supp res S ^ " ' nCfeaSe in *" 
As shown in Fiq is in th« 

Present embodiment the osXbn'l C ° ndit,0ner of the 
o'Wator 68 is controlled ba? ed onTh qUenCy ° ,,he «- 
ourrent) detected by theTnnm? ' npUt curre nt (coi) 
* Therefore, as tCl Z^T Sec,io " 
t<on frequency for determZoZl ^ ,heosc "' a - 

« he suppressed tfaT^^^ current 
the co,, current is increased S ' eVe ' 6Ven wt) en 
*9- 20, theripptecurrem ir^' as s "°wn in 
very different from the rippte cu^f^f °" Curre "t *s not 
current (shown by an aileron „' * 3 Sma " co " 
es fine in the figure) '° n9 and ,wo short dash- 

-ended arrangement, when !oth t^ ere, ° re ' h ,he d e- 
"PP'e current are smaMhe st,^ CU ™and,he 
'ow ,n order to avoid an ncreaT* f 9 ****** is set 

'n order to maintain th ! Sm ° hina ,oss - 
Power compressor S^ZoT ° f »• 

,oa d, the air conditioner o°S 6 n 6 9ir Zoning 
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current transformer etr => , ^ 
92. an N-muftipfier 93 an " '° de,eC, ' n9 ^^-uit 

•ecting circuit 94 as shown in 9 ' r6qUenCy de " 

current detector 91 the de£. COmpress or 6 by the 
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*• described ^^Sj^ «4 is a«ered in 
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the torque curve t is rhT ! as shown in Fig 2 2 
- -tob. fah ^ T j;^^to^ (Wciw *2 
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of the current detector ln s °?? ^ 7,16 P os 'tion 
™* -de o, the inverte! C iL?4 rn "! d l ° ,he '"P"' 
- »e output side of the S J ^ ^ 



(THIRD EMBODIMENT) 



^ through Fig. 31 . Vem, ° n 10 Terence to Fig. 23 

As shown in Fio ?-3 

Present J^2***««o 1 * 1Ci 
s ect-on ,0, and an ou^S^l- 

V0| tage setfing section 102 
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The load detecting section 101 as the load detection 
means is a circuit for detecting the load state of the power 
compressor 6. For example, as shown in Fig. 24, the load 
detecting section 101 is a voltage dividing circuit com- 
posed of resistors 103 and 104. s 

The load detecting section 101 divides a terminal 
voltage of the smoothing condenser 3, i.e., an output 
from the active filter 5 by the resistors 103 and 104. As 
shown in Fig. 25, the load detecting section 101 is com- 
posed of a current transformer 1 05 formed between the 10 
fast recovery diode 42 and the smoothing condenser 3. 
The load detecting section 101 detects the current flow- 
ing through the DC power source line. 

As the means for detecting the load current, the Hall 
element may be used in replace of the current transform- is 
er105. 

As shown in Fig. 26(a), when the load is heavy, since 
the operating frequency of the power compressor 6 be- 
comes high, the flow of current increases. As a result, 
the output voltage from the active filter 5 is lowered. On 20 
the other hand, when the load is light, since the operating 
frequency of the power compressor 6 becomes low, the 
flow of current reduces. As a result the output voltage 
from the active filter 5 is raised. Therefore, by detecting 
the output voltage or the current, the load state of the 2s 
power compressor 6 can be detected. 

The output voltage setting section 102 is a circuit for 
setting the output voltage from the active filter 5 accord- 
ing to an instruction from the inverter control section 1 1 . 
The set value outputted from the output voltage setting 30 
section 1 02 is applied to the switching control section 1 2. 

Based on the detection value from the load detecting 
section 101, the inverter control section 11 increases the 
output voltage from the active filter 5 as the load in the 
power compressor 6 becomes heavier. As already men- 35 
tioned in the first embodiment, the inverter control sec- 
tion 11 stops the active filter 5 when the power compres- 
sor 6 is in its stoppage position. Specific examples of the 
methods of stopping the active filter 5 include a method 
of applying an OFF signal to an enable input terminal of 
the control IC which constitutes the switching control 
section 12, and a method of turning OFF the power of 
the active filter control section 1 3. 

In the air conditioner having the described arrange- 
ment, the load state of the power compressor 6 is always 
detected by the load detecting section 101 . In this state, 
when the load is heavy, the terminal voltage of the 
smoothing condenser 3 is lowered. Upon recognizing the 
change in terminal voltage, the inverter control section 
1 1 gives an instruction for raising the set value to the out- 
put voltage setting section 102 as shown by a solid thin 
line in Fig. 26(b). Then, the switching control section 12 
increases the output voltage from the active filter 5, for 
example, by setting the ON time duration of the power 
transistor 43 longer. 

On the other hand, when the load is light, as the ter- 
minal voltage of the smoothing condenser 3 is high, the 
inverter control section 11 gives an instruction for lower- 



ing the set value. In response to the instruction, the 
switching control section 12 lowers the output voltage 
from the active filter 5. 

As a result, as shown by the solid line in Fig. 26(b), 
the output voltage becomes constant irrespectively of 
the load state of the power compressor 6. Therefore, 
when the load is heavy, the drop in voltage can be pre- 
vented. As a result, the problems which are likely to occur 
when the load is heavy that the vibrations of the power 
compressor 6 become greater, or the power compressor 
6 is locked can be prevented. On the other hand, when 
the load is light, an increase in output voltage can be sup- 
pressed. Therefore, the inverter circuit 4 and the smooth- 
ing condenser 3 can be prevented Irom breaking due to 
an increase in voltage. 

In the state where no load is incurred where the pow- 
er compressor 6 is in its stoppage position, the output 
voltage from the active filter 5 is raised. When the stop- 
page of the power compressor 6 is detected by the in- 
verter control section 11, by supplying a stop signal to 
the switching control section 12, the switching control 
section 1 2 stops the active filter 5. As a result, an in- 
crease in output voltage when no load is incurred can be 
suppressed. Additionally, when the power compressor 6 
is stopped, almost no current flows in all the power lines. 
Therefore, the harmonic current is small and would not 
cause a problem even when the active filter 5 is in the 
stoppage. In the described arrangement, the set value 
of the output voltage from the active filter 5 is varied ac- 
cording to the load state of the power compressor 6. In 
order to control the output voltage to fall within the set 
value irrespectively of the change in load, the raised volt- 
age of the active filter 5 may be varied according to the 
load state other than the described arrangement. Since 
the output voltage and the inductance of the choke coil 
41 are in proportion, by lowering the inductance of the 
choke coil 41 , the output voltage can be lowered. The 
arrangement for varying the inductance will be explained 
below. 

In the arrangement shown in Fig. 27, two choke coils 
41a and 42b having different inductances are formed in 
parallel in place of the choke coil 41 in the active filter 5. 
The connection between the choke coils 41a and 41b 
and the bridge rectifying circuit 2 is switched by the 
switch 1 06. Namely, when the load is heavy the choke 
coil 41b having a high inductance is connected to the 
bridge rectifying circuit 2, while when the load is light, the 
choke coil 41 a having a low inductance is connected to 
the bridge rectifying circuit 2. 

In the arrangement shown in Fig. 28, in the active 
filter 5, plural taps are formed on the choke coil 41 . Each 
tap is switched by the switch 107. 

In the described arrangement, the inductance is 
switched according to the state of the load as shown in 
Fig. 29. As a result, when the load is light, by lowering 
the inductance, the rise in voltage of the active filter 5 
can be suppressed. On the other hand, when the load is 
heavy, by lowering the impedance, the rise in voltage of 
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pressed. " ,he ,oad ,s «flW can be sup- 

In the arrangement shown in Fin 57 , h . 
c °"s 41a and 41b havino 9 ' he tW0 choke 

adopted. However the „r se nf em induc, ances are s 
this arrangement ^J^T"^* 1 ****"* 

that p (ura . choke co«sa"radlr ybearranQeds ^ 
he finely switched SSSSJ""* ,he ,oad -an 
output from the ac.ive°2 £ I ,n ,his "ay, the 
constant value. 5 03,1 be set st «' closer to a 10 

As shown'n Rg 30 'ST' W '" b6 6Xp,ained 
ance with the modifi^ Z' l !, 3 ' r c ° ndi tioner in accord- 

section 112. ecl,on mand a voltage rise change 

mercial power source , T " 96 ° Utput from the com- 
tecting se c, ion t11 djvides h a e P 0 . W f f urt » voltage de- 20 
The voltage rise changet^ SK ** *° ^ 
the AC voltage is ,00 V o *£ L ^ Whether 
detected by the power *~ ° n 1,16 vol,a 9e 

"I- Based on th. I I 0 "" ! V ^ e Acting 

section 

"sechangesection TS^S^T °°' ,he * 

"h^ 'he AC voltage is IOC Z 1 1 ,^ °~ Specific a"y. 
section 112 sends Latl, VO ' tage rise c hange 

•hea C ,,ve f i,ter 5 lXt^r e ^ 
alternating current is 200 vtl 9 35 that th e so 
tion 12. V t0 the sw.tching control sec- 

the impedance of tXL T 9 * 80 as to c hange 

-itching the sw£ m(S S S sho' 413 ^ 41b) * 35 
Fig. 28. and 1 07 sh own in Fig. 27 and 

««er 5 or •^i*aE^ ,ta,n *» ie 
the voltage rise when the AC 12' 8h ° Wn h Rg 31 - 40 
twice as high as the vlitagf I? * 100 becomes 
v °'ta 9 e is 200 V. As a result th ^ Where ,he 
the ac.*e fi(te r 5 car , b ined ^ ^ Uom 
lively of the level of the ap C ° nS,ant ^Pec- 

scribed arranoemon, Til. age Ac «"ding tothe de- 45 

in common when the Ac 2? mr6Can be used 
AC voltage is 200 V " a9e ' S 100 Va "d when the 

power source voltage t ^? ' he Var,a,ions «" the 
^ and the voftag e 9 ,h, f ,unc «°n, these.val- 

active filters can bVr, te l a V °' te9e the 
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[FOURTH EMBODIMENT] 



hodimtTr^ 

through Fig 36 fS ^ ^ " reference f ° <% 32 
hers Lngme Z^lT" 06 Nations, mem 

hodimentswiHbedTsiJnaS 

vo Jg^eSn^LXarir f 1 a " *« 

section 62. an input cu^n, n h ' PU ' VOtta 9 e Meeting 

detecting section 204 an7x~« 90 avera 9e current 
section 205, an integi^n SJ rise Acting 
ting section 207 an art Zf ' 8 ,arget va, ue set- 

the figure) 20 9 , ^TZtZZ* % "° P (FF h 
The input current phase deZ 9 C,rCUit 70 ' 

verts a current into a Jr.hf f tec,,n 9 se «ion 202 con- 
sistor, andde^a" J^S" * ,he V °' tage d ™<*"9 re- 
of the input currlnfTh! ^ as a phase 

sec,ion4m:;r a ^;Tdirrh n t p ^ 

^ ejected by other ^^2^^ 

^™:~? a r °" « — a 

hased on a current TaZ I Prede,erm, nad threshold 
hv the current d^re^ 'T ^ 
'ng resistor 44 is an The curr ent detect- 

I'ne in the active filter 5 he power 

tion^d^ 

203 detects an ovetcu^m IXZT?*** sectio " 
(current value) to be Ztt^h * deteC ' ion voft a9e 
224 is above the ri^SJSf ^ ^ 
sisters 221 and 222. 9 9enera ted by the re- 

ed fo?d e ete V ^ sec "°n 204 is provid- 

determined Z^t^ZZ ? * « P ^ 

verted intothe voltage ^ Va,Ue COn - 
sistor 44. As shown in Fig 34 L fent deteC,fn9 re " 
tecting section 204 include, erage curTent de- 

use in generating Z TZtncel T ** " d 226 for 
227 and an input'resfs.o, ^228 The°f ^ 8 C ° mparator 
tecting section 204 detects fL ^ CUrrenl de " 
tection votege (current vafu!?, k rCUrrem When the de - 
inpu, resistor 228 is S »h f° '^""^ ,hrou 9 h the 
ated by » he reJ^tZZ ve'^ ^ 9ener ' 
^ reference voltage to be generated from the av- 
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onA is set to a low voltage 

m section ^ 
the comparator 236. i ne d jding an output vott- 

233 and 234 

age from the^»»^^ ltorgenerali nflar e i- 
constitute a reference vjjge ^ current . the conf- 
erence voltage by JW-JJ rise M the de- 

voltage rise detecting sector ,2» basjcally 
The target value sett ngj s ^ value se tting 
composed ol an error ampler The wj^ ^ ^ ^ 
section 207 generates ^f^oe VREF and an output 

inputted. ,,„,, 208 outputs a calculated value 

The arithmetic unit 208 ourp a is 

>m by the ^^-JS eWng section 207^8 is 
an output from the target vaiu ion 202 and 

an outputlromthe input phase de^c«n9 o)ta e _ 

c is a n output letlecAve valueV from *« P a 

tecting section 61V The value l„ and 

Here, the inpu cur enUobe ^ p(e the inpu t , 
culated value l M is detecteo ey, ^ secQnd 

current detecting section 65 (see fig 
embodiment. ,..mo C three input terminals Rv 

The flip flop 209 includes ttwj«J> ln the flip flop 
r 2 and S, and a single current detecting 

209,thedetectio^ 

section 203 and the t terT ninals 

unit 208 are respectively JjJJ^, a predetermined 
Rl and R 2 , while a pulse «gn^ jwg w flop 
1req uency is inputted ^SKS" °* a based 0 " 
209 is a BS flip ftoP <° r ° ut P" tt "J* s a nd an input 
an input signal from the '"P^ te ^put terminal R 2 - 
ln the air conditioner hav.ng in t 

me nt of the P-^S^J^v**.*-" 
Horn the bridge rectify ng circuit 2, « P detect . 

the active filter 5 * *- active filter 5 

ing section 6V, and the ^ r detecti ng section 

tic unit 208. 



by the output voltage detect^, ^ 3 The ex- 
ternal voltage of the mcM 5 is 
istence of the excess „ se detecting section 

Furthermore, based on the vo g ^ ^ ^ 
the current in the ^ e ^S ren t detect^ section 
10 current is detected by the p-kow average cur . 

203, and the <*»%^^Jm signalfromthe 
rent detecting sect.on 204 . . r ^ detec _ 

excessvoltagerisedetec^gsec^ detectingsec - 
ti on signaHromtheave^^t^^ ^ 

- -rousr^i-- o6 - erean ^ 

tromtheoutputvonagedetect.ng^to^^ 
20 by the relerence voltage ^ ^, 208 as a tar- 

getvalue. '" thissta ^ e rt f ^ 5 the detection signalfrom 
generates in the activ filter & t ^ and thus 

the integrating circuit 206 becom ^ va(ye 

25 the reference voltage V BEF drops, 

becomes smaller tne following calculation 

,n the arithmetic unit 208, m ^ jnput 

1S performed based « « value from 
voltage detecting section _6^m ^ ^ ^ 

30 the input current l» setting section 207. 

target value from *e Rvalue )of ^ 

The result of calculation is <*>jj*£ uans i Stor 43. 
termining a switching determjned ba sed 
ln the flip flop 209, drive oa g pu(se 

35 on an output from the «*f££^ trom the oscil- 
signaloutpultedataew^treque y w . 

sistor 63 by outputtmg a dnving signa 

data thus obtained. rise by the ex- 

40 upon detecting the e * c{ ^' 2 £ or detecting the 
cess voltage rise detecting s^O > ^ 
overcurrent by the average . current ^ ?Q 

204, a target value «^ ™\^o< 43. Further- 
stops an output from the power t ^ & 
45 more, in the flip flop 20 ak current detect- 
detecting signal o^e S which forces the power 
ing section de trmined based on the 

transistor 43 to be , se signal, 

peak current detection "g^gj^ the present 
so Theairconditonenna^orda ^ jse detectin g 

embodiment includes the "X^vonagedetect- 
ing section 62 is ^^0^1 p ^ ^ actjve 
some problem, an f"^*^, vol [ age rise detecting 
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such as a tranaSSr efc for cT^ 9 P ° wer *vfc e8 
rent, and the commutS™ is f 1 ™^ a 'arge cur- 
these devices. S ^*,y performed 5y 
generated with the commutation T COmmuta,io " noise 
Power source tine of itTa^™^ a,0 "9 AC 

invention detects a vctoJ ™*"™" of ,ne P^ent 
detecting resistor J a fa * '™ ,he « 

tecting operatjonb a m ^ c "^ and performs a pro- 
tection value with le ^ZT^^^^te- 
the peak current shown bv t! ?' "* H ° Wever ' si ^e 
tne average currem To^^T !"* 36 and 
current detecting ibsIs^^^ f '° w in ,he 
current also with resp ect t^h " * dSteCt the ove " 
quired to lower th 7eZt onl CUrrent ' tt is 

However, when tn7 ™, *' °' the we ^urrent. 

P 2r n 9C ir Cuitmayb : ac ~ 

is provided with the aval! PreSent e mbodiment 
204 whi ch pj^l ^ e current detecting sectjon 

of .hepeakcur'entdeSorr Urr6m de,eCti ° n ^ 
^ult. the peak cu££S^™» be s * As a 
vented from being odomS k °" 203can be Pre- 

dated fron^S^ 

tecting operation ; bv mSSS "° n 205 perform «te- 

«ha active fi„ er s £££££ ( no,se grated from 
when the output from^herSl n0iSa The refore, 

W is either dispersed or stopped * ***** COn " 

mating circuit LT^ * * he ^ 

a smaller width as being MouU^T " ^ navin 9 
noise is removed f J SSSS? m * Stake due to the 
erage current detecting sectoS S ' 9nal U ° m ,ne av ' 
agerisedetectingseclnS"! f nd,heeXcess ^ 
,0 ra.'hedi S persionorhes?o a r ° St , C ° mptete, y -The* 

valuefrorntheoutputvoZei, a f 6d ° n ,ne 

iscorrectedbythedo^rnfsS 
rent detecting sig nal 204 b 9 S ' 9nal ,rom ,h e average cur- 

tion 207, the ONtime Z^onJlT Set,i " 9 Sec " 
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the power transistor 43 is Sf >t *h„ rf 

'oad incurred to the power " ? t0 TOduce »» 

in the described state Te lo, 1° Tneref ore, even 
s under the stable cSd^S? be ° Perated 
s conditioner of the present'^ J Pera "° n of ,ne air 

ued. Presem embodiment can be contin- 



[HFTH EMBODIMENT] 



W ^ime^it m em- 

through Fig. 40 ""^ " re,ere nce to Fig. 37 

1£ noisefifterSOt anda^no^ " provided with a 

tormedbetweente^^ 

Th aaircond i tioneT a c a S h , 6 AC power source ,ine. 
, oodimen, also inclu£ s a s2c h PrSSem ern " 

a power source section 304 w , h T ,ranS,Stor 43 and 
active fi), er s js prov ^™ ,ne,w erter circuit 4. The 

tecting an overcurrant^T. 'T 45 '° r Use in °e- 
2£ transistor. The S^a^?* ^ P — 
25 a Ime noise from the o«, m erfor eliminating 

an input current to be sZS xo^ 10 ^ 1 ^ 
<rom, he commercial use SS^T^ circ «« 4 

* - the JSSJSS" 2 T SWi,Chin9 Circuft ^3 
(^e Fig. 7) of the S ocTn d ?' n9 C ° n,r0 ' Secfio " 60 
circuit 303 LuTj^ZT^T 6 : 1 ^ SWi ™^ 
ei.theoutputvottagedeSl^ 96 ? eCtin9 Sec,i °" 
Power source63 theerrS 9S ' ,0n62 ' Preference 
- the amplifier BT.ZZZS^**"***** 
70. The air conditioner SttS^E? I"™" 9 CirCUrt 
•ncludes resistors 76 and 77 f„ emb odimen. a)so 
circuit at,, «, overc 6 ul ^ n d t ^ ^^rvottage protection 
Parator3l3. a frequent Int^ ? C ' rCUit 312 ' a c°m- 
4 " Puencydetecting q cruT3T 5 am 4,aP ° WerSOUrcef re- 
The input voltage Sea£ LT°? mputer 3 ^ ^ 

^gedetecthgsSSela^. 61 8nd ,he 0U, P U ' 
by voltage dividing resisto ra SWUted res P e ctive.y 

- .o *Tisrs? circ ;" 311 <™P«* 

and 72 and the cornea or 74 Te ^ 71 
"on circuit 311 compares t Z ? ove rvoltage protec- 
vol^ge) from the 2C ^£ 5°"f " ^ Action 
76and77wi,h,h e pr^ecte If ^ ^ ^ fesistora 
5C resistors 71 and 72 an^nh ^ 'f 9 f 98nera,ed ,rom th e 
the protective vottage theS f ^ V ° ,ta9e is above 
70 is forced to be stopped ^ drivin 9 

circuit 

^:^z^:r n 312 is a ^ 

55 rent flowing throuoh ,h "n " 9 S ' 9na ' th * cur- 

oscirss b 3 ; 3 h c e Te p r s an — f - - 

y the fre Puency divider 314, the 
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C7 the output irom the over- 
output from the ampl.f.e 67 the P ^ ^ 
voltage protection «^V^»J^.P^ 
overcurrent protection c.rcurt 31 so 

acircuniordetect-.ngt^^ 316 te 

commercial power source V I ^ det 

a contrd section inchKhng a ^w 8^ ^ swjtcb . 
mining circuit 317 (1 S w deter™ » dete rmines the 
ing frequency -^^^H^^ba^on 

the P ,oad current ^f^S generates a control 
The power sources^ 0 ? the transistors 21 
signal to be applied ^ r sourC e 

through 26 o. the inverter c.reurt ^ ^ 
section 304 also gene^es a pow ufce sec . 

t h eswitchingcontro^ec-on^ 
tion304isconst.tutedbyaDC/^ 

hl gh Irequency ^"^^aatbofthehighfrequen- 
Theprimaryco.ls32laandJ ng ^ 

cy transformer 321 •? "TfS Tie also connected 
slstor 322 connected * , «■ ^ ^ q( the actjve 
to the power source line on the o p 

fmef 5 . on the secO "* ry 0 , S c ^32 1 cthrough321gare 
transtorme.321 secondan/oorts ^ ^ 

respectively composed °' l n e . 323 are connect- 
though 321 e and the rec -ty.n g^s ^ ^ ^ ^ 
ed to respective bases of the tran ^ gn . 

ln the voltage ol a diode and a 
other rectifying c,rc ^/^V°wer source for the switch- 
condenser is P^'^^^eo of the rectifying c.r- 
in g control section 303 . i com? ^ 
cuit 324 and the «*«n*^ ^ Vc o( tne inve rt- 

^^^^"^ 

arrang ement, an ^^^tewn*-^** 
tivefilterSisoutputtedwWe ^p,* 

ageisoutpunedbytheenaamplj^ ^ Asaresu ,t, 
66, the input voltage is <**^* b the output volt- 
the input voltage waveform corrected y 
age waveform is brioge rectifying circuit 

The output current from m ' » 44, a nd .s 

2 i S detected by the ^^r^nous with the in- 
amplified by the amplif ^ 7 h ^ uKjplier 66. Therefore, 
put voltage waveform from the ^muft P ^ jp syn . 

the output from the a ^Xe waveform from the mul- 
chronous with the .nput voltage wav 



the frequency divider 31 ^ a ^ J es a current by the 

PWM signal applet , the contm. ^ p . g ^ 
driving circuit 70. As a_ result . as^ ^ ^ wave , n 

The switching trequen cyW£ « ? d 
43, the switching » J^Sirfon. Namely, as 
choke coil 41 have ^ '0^9 ^^^e switch- 
to describedearner.nreferencetoHg ^ ^ gup . 

„ bodiment, a ™ current, load 

^nges in powe ' «*»££J ^ ^ 

Sg^T^v^--- ri - the 

rent detecting c.rcurt 302. the , loao .omte 

1req0 ency te ^SSe change is inputt^^ 
tecting c.rcurt 315, the va. va(ue Based on 

2S the microcomputer 316 as a de ^^ ^ deter . 

30 trequencydeterminingcircint in9 ra tio of the frequency 
Then, the frequency d™d.ng ^ ^ 

divider 3U is altered ^^^Stf******* 
frequency of themangularwavetob * P£ e8Witthing1re . 

When the power source trequen cy ^ ^ ^ 

9,8 detects that the ^ as to vary the 

0ow),themicrooc^^e^6c^rO rtjon ^ ^ 

40 switcbing frequency '^'"^e data set beforehand as 
source frequency ££££ when the power source 
shown in Fig. 39 For examp . ^ microco m- 

on.lW.1^1>»-r*^ 9 KS5i P°we. source 
load current de.ect.ng , c ^ » micr0 computer 316 
frequency detect.ng c.rcurt 315, tn (reque ncy 

„ 321 Ml me M high 1WKW 
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currant is rectified by theses 

321'ofthehighfreausnrtt , °° i,S 321c trough 

to respective baX I f 321 ,0besu PP"S 

'ha inverter circu? 4 21 throtJ 9h 26 of 

W-phase power sou™!?- P * r 80urco and the 

0oHs3 2 ,cmro; g r3 2 Te a reTn?, d / rOm ,he Second ^ 
<o be independent power sZef-rf tom ° ne ano ^ 
power source is SU ppStot^ TeOUtpU,fromea '=h 

U-Phase transistor 2 TteV ol/T^ 6 6ases of «^ 
W-phase transistor Is. Ph3Se transis,or 23 and the 

On the other h»nH 
X-Phase transistor 2? thJ v.T 8pecMve fitters of the 
^etransistoraeinme^ed/ transi8,or2 4andthe 
ed to ground. There ore a ™ ^^'t 4 are connect- 
er driving the, rans!s^^ S ° UrCe is 
source composed of the sec^n d 26 ' The Dow ^ 
t^ing ciroutt 3 2 3 *^ WI32,IW ^'^ 

2-phase. The output from the *£ nh P 56 and ,ne 

i:::r ,heb -- h -ss 

have the same potenl !! 1 "f circu « « 

of the power source oT h6 fl P t ,m f C ° nnec,ed to ground 
^ the point connected toT 5 * in c °™ 
Y-phaseandZ-phase^w or 9r ° Und ° f ,he X'Phase, 
* 'he air condWoToT neT* iwert ercircu rt 

'he output from the voltage r 2 ten 0 ' C °" 321 f ' and 

replace ofthe voltage rt» JJS" f tap Howev er, in 

•"C^^i^y,?- P-er source for a 
outputs a voltage* nS I LTa ft ?T2 S6Ct '° n303 
arrangement, the power sou™" 1 " ,he bribed 
w«h the X-phase, h " * ° Sed in corr ""°n 

'he inverter circu , 4 ThereS " haSe P° we r source of 
a reduction in cos, cJtZ^^" *-* and 

* the^rC 6 ^ - 3 

current. In order to Z£^J? ? ffect of 'he input 
men. shown in Fig 4o7s al^H V*"' tne ^re- 
generating circuit 33T he svnL h ^ ^ W3Vefa rm 
the ON-time duration 332and 
replace ofthe input voltaoe d^r '* provided in 

Put voltage detecting 7SS^ Se f>"^ <he out- 
source 63, the error'am £r2 « ^ vo,la ^ 
the amplifier 67 and the osc^for 68 mU ' tip,ier 66 ' 
Thewaveformgeneratinqcircuir-5-51 , 
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in 9 the waveform ,i el 3 f' SPr ° V,dedfo r ^nchroniz- 
the input voltage detc elTth ^ "* * he pnase « 
s sectionei TheON Su^ ' nput vo,ta 9 e Meeting 

T on With respect to the switch^ a " h eON-t,me duration 
transistor 43 satisfies T kT ? T °' ' he P0wer 

by the outputs from the svnrhL S '" ' (k is a constant) 
10 synchronizingcircu^ 2,n9ClrCUit332and »he 

the ON time duration oHh" . ^1 8 PhaSe an 9 |e <* 
sistor 43 is J2? h S ? h,n9 °' tne P° wer tran- 
1S scribed manner Sp u , " 9 f SyS,em ' ,n ,he d «- 
'orm almost like h e s ne wavl ^ be Shaped in a 
'he input current, hercby p TvZZ If "* 
PU« voltage by the ^E^SST * h " 
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4! through Fig. £ ' nVen,, ° n Wrth reference to Fig. 

As shown in Fin 41 tK^ ^ 
ance with the present emh^ cond itioner in accord- 
age detecting cirTuMoTa^"' inC ' UdeS anovervolt- 
aching con'troi se^n 60 T r ,Ch ^^^'han the 
«on 60 further inc S «n ^ SmCNn9 COn,ro1 se c- 

ON or OFF an outouH^T I for swilc hing 

on an acthre SSSS£ circu « ^0 based 
section (not shown) 9 ^ ' r0m an invert er control 

«on circuit composed 5 ^ ™*B» Protec- 
7 and the comparator 7 7£T£ 73 76 a " d 

-oner of the second embedment Thi aif C ? ndi " 
teoting cjrcujI 40 , o^p^™" 1 J 1 * overvoltage de- 

- output vottage lh» < l^ < ^*- ^en the 
termmed level. The switch 402 ,1 1 5 S above a prede- 
and connecting the ^ZullZl^^ 
to the switching control secton tk PP y " ne from ^ 
'he OFF posttion mesp^, h ! SWtCh 402 is se ' in 
45 Plied thereto. nfeSponse '° ^ detect,on signal sup- 

abnr^7n~ 

voltagefromtheactiveSLu!, r edin,heout P u ' 
ing control section 6 n ,1" , ,0afaU,lo,1 heswi.ch. 

*° switching contro sec °on 60 PP " °' P ° W8r ,0 th e 
the switch 402. As aT SU( f , ne S, ° PPed by tU ™9 OFF 
signal from the comparator fio ° Ccurrence ° f »» PWM 
and the voltage Z Ty S^L Z * SUre,y Sto PP- d . 
As shown in Fiq L * ^ 5 is s, °PPed. 
* 60, the voltage diving ci ^T^T**" 0 *" 
'-i.er4 1 2anda S wi,cL 1 ^: e 1 ;^ 
The voltage dividing circuit 4ii , Lo f 
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amplifier 64 and the multiplier 66. The voltage dividing 
circuit 411 is a circuit for dividing the output from the error 
amplifier 64 by N. The limiter 412 is a circuit for limiting 
the output from the voltage dividing circuit 41 1 so as not 
to be less than a predetermined value. 

The switch 41 3 connects the limiter 41 2 and the mul- 
tiplier 66 when starting the active filter 5. On the other 
hand, the switch 41 3 connects the error amplifier 64 and 
the multiplier 66 while the active filter 5 is being activated 
except the start time. The operation of the switch 413 is 
controlled by a control signal indicating whether the ac- 
tive filter 5 is started or not. 

Here, the starting period is defined as a time period 
from immediately after the switching control signal starts 
generating from the switching control section 43 until the 
output voltage from the active filter 5 reaches a vicinity 
of the target voltage. 

In the described arrangement, when starting the ac- 
tive filter 5, the output from the error amplifier 64 is di- 
rectly inputted to the multiplier 66. In this case, the PWM 
signal is generated as in the switching control section 60 
of the second embodiment. 

When activating the active filter 5, the output from 
the error amplifier 64 is inputted to the multiplier 66 
through the voltage dividing circuit 411 and the limiter 
412. As described, as the voltage dividing circuit 411 di- 
vides the output from the error amplifier 64 to 1/N, the 
target output voltage from the active filter 5 appears to 
be low. 

In the air conditioner shown in Fig. 41 , the output 
voltage reaches a target value after it is once raised be- 
yond the target value from the initial voltage as shown 
by the short dashed line in Fig. 43. On the other hand, 
in the air conditioner provided with the voltage dividing 
circuit 411, the output voltage is gradually raised from 
the initial voltage to the target value as shown by an al- 
ternate short dashed line in Fig. 43. As a result, the time 
required for the output voltage to reach the target voltage 
becomes longer than that in the air conditioner shown in 
Fig. 41 . However, it is less likely that the output voltage 
is over-raised beyond the target voltage. 

In the described arrangement, if the divided output 
from the voltage dividing circuit 411 is still too large, the 
output voltage is reduced to not more than the predeter- 
mined value by the limiter 412. As a result, the rise in 
output voltage per unit time can be reduced to not more 
than the predetermined value. Therefore, the possibility 
of having an excess output voltage can be still reduced. 

In the steady state where the output voltage reaches 
the target voltage, in response to the output voltage var- 
ying according to the variation in power source or load, 
the variation is suppressed instantaneously by the feed- 
back control of the switching control section 60. There- 
fore, in the steady state of the output voltage, in order to 
prevent a delay of the response rate caused by operating 
the voltage dividing circuit 411 and the limiter 412, the 
switch 413 is switched to the error amplifier 64. 

The air conditioner of the present embodiment 



adopts another configuration of the switching control 
section 60 shown in Fig. 44. In this arrangement, the os- 
cillation frequency of the oscillator 68 varies in response 
to the output from the input current detecting section 65. 

5 According to the described arrangement, the oscil- 
lation frequency varies according to the weight of the 
load. Namely, when the load current is large, the oscilla- 
tion frequency is low, and when the load current is small, 
the oscillation frequency is high. 

10 Here, the output from the multiplier 66 includes the 
DC voltage, i.e., the terminal voltage of the smoothing 
condenser 3 and the input voltage waveform from the 
input voltage detecting section 62. Therefore, irrespec- 
tively of the value of the load current of the oscillator 68, 

15 when the oscillator 68 oscillates at a constant oscillation . 
frequency, in the case where the load current is small, 
i.e., a drop in DC voltage due to consumption in load per 
unit time is small, the voltage drop becomes smaller than 
the voltage rise by the active filter 5. 

20 Therefore, the direct current is kept increasing. How- 
ever, since the output from the multiplier 66 has a priority 
over the element of the DC voltage, the effect of the el- 
ement of the input voltage waveform is reduced. As a 
result, it becomes difficult or even becomes impossible 

25 to shape the current waveform to be closer to the input 
voltage waveform. 

As shown in Fig. 45, in the state where the load cur- 
rent is not small, the target value of the PWM signal by 
the element of the DC voltage is H, and even if the ele- 

30 ment ol an input voltage waveform is added, the target 
value is shown entirely on the wave. On the other hand, 
when the load is small, as shown by the dashed line, the 
target value of the PWM signal by the element of the DC 
voltage becomes J. Therefore, when adding the element 

35 of the input voltage waveform, the target value is made 
narrower to a part K of the waveform. 

On the other hand, if the oscillation frequency of the 
oscillator 68 becomes high when the load current is 
small, the period of the switching control signal to be out- 

40 putted from the driving circuit 70 may become shorter, 
or the duty ratio of the switching control signal may be- 
come smaller. Therefore, a rise in DC voltage due to a 
signal pulse of the switching control signal can be sup- 
pressed. As a result, the variation range of the target val- 

45 ue from H to J shown in Fig. 45 becomes smaller, and 
the width of the K becomes wider, and the PWM signal 
is obtained almost entirely on the input voltage wave- 
form. Therefore, even when the load current is small, the 
harmonic current can be suppressed, and the power fac- 

50 tor can be improved. 

When the load current is large, the PWM signal can 
be obtained throughout the input voltage waveform with- 
out varying the oscillation frequency. On the other hand, 
if the oscillation frequency becomes high when the load 

55 current is large, the loss in the power transistor 43 in- 
creases, and the amount of loss becomes greater as the 
load current increases. Since this causes a rise of the 
specification of the power transistor 43, i.e., an increase 
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*■ «rr»pans tor detecting an 

^ea.con^de^assdlorth^^L 

wherein: . t D « sa id DC voU- 

said control means shuts off ng „ 
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3 . Tne a i roon difc n i n gd ev i ceasset f o rt n l nc,a i m 1 , 
wherein. t off , sa id active fitter 

power compressor. • 

wherein. controls an output Irom 

said control ^ ""^^jon means so 
said DC voltage-AC votta* i«J» - ^ DC 
as to raise an effective outpU t voftage ^ g 

voltage-AC voltage detection « 
detecting signal from saw c 
means. 

and frequency vary ^ rectifica- 

an active filter 1°"™° , or shaping 

tonmeansandsaW^gme^ ^ wave 40 

an input current to be an ; app ^ 

almost in phase with * ^ means which shuts off 
overvoltage preventing mi . ^ 

said active filter r^SSSSSg. Excess 
agefromsaidactivef It r sanov ^ ^ 4£ 

of a P^ etem,ned l h l!r e ss of the predetermined 
detect the ^^/"'Sdtime immediately after 
thresholdforap^dete minedt i ^ ^ qc ^ 

a turn-on time and a lum ° , or a pre deter- 

age-ACvoltage^ve^ so 
mined time immediately a. 
active titter. 

*~S3SSS5fflSS*-» $s 

— — — 

^led«tt>aDC»o».B6: 



overvoltage preventing mea tvort . 
said active filter rjjElS2^«~ 



7 . T heaircond„oningdeviceassetfo rt hinc,a,m6, 

Turther comprising. altering the 

freehold alt an output volt- 
predeten^inedthres^da^g theout . 

S^r^rar-anatKepreaeter- 
mined threshold constant. 

..on. an „ AC »* 
and frequency vary sajo rectit ica- 

age from said actwe filter ^ttag an 
i means for 0^9 *Jg^ detection 
output detected by said ourp wave1orm 
means and a Terence vott^e. a ^ 

bounding means for ^^aid active fitter 
voltagedmerencedew^ean ^ ^ ^ ^ 

control means controlling satf a conslanl 
maintain an output "JjJJ said volta ge de- 
based on the difference ^detected ay 

mined threshold. 

9T heaircondition,ngdeviceasset,o rt h,nc.aimB, 
^"Taid waveform rounding means is alow pass 
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a 9 e —thing an Ac vo) , » 

ver.ec ,n,o a DC vcSa^ ^ m-anB t0 ba con- 
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15. An air conditioning device comp • ■ 

age rird^sTidTc,:^ vo«- 
verted into a DC^itage ^ ,C> be c on- 

smoo.hing me a nsjnto PP n n A , c h ^ ol 'a9efromsaid 
pressor, «"*PP«edto said power com- 

^nT^Sd SSinT" ^ reCWiCa " 
an input current to toT^™**™' f ° rSnapi "9 
almost in phase with « * apprawn «» sine wave 
Potentia, ma chtoT, VOl,a9e ' 9 9™nd 

^ means ** controlling saia 

~ P J^J^^ a drying 
means through a power son^I ? 896 Version 

to said active filter control m ° 9 power also 

Power source ou,puu2ilr nS *"* ^ 



16. An air conditioning device mm. • • - 

'"con^e^ «— 
means into an AC voteolfut Said smootb '"9 
compressor; « 10 reapplied to said power 

«- m::nTrd!sr 0 o: between - «* 

««er including a ch<Se ToT 9 m6anS ' said active 
an input cuL^^™"^ 1 *"**** 
a,m oet,nphasew«htr„,T P ? X,rna,e sine wa ve 
flow of current Jo S a" rcLr a9ebyadjUStin 9 a 
said choke coil by sltZTT 9 ^ tbrou 9 b 
and V sw.tch>ng a switching element 
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to at least one of a current flowing through said 
choke coil and an output frequency of said AC power 
source. 

17. An air conditioning device, comprising: 5 

rectification means for rectifying an AC voltage 
outputted from an AC power source; 

smoothing means for smoothing an AC volt- 
age rectified by said rectification means to be con- 
verted into a DC voltage; io 

a DC voltage- AC voltage conversion means 
for converting by chopping the DC voltage from said 
smoothing means into an AC voltage whose voltage 
and frequency vary to be applied to said power com- 
pressor; * 15 

an active filter formed between said rectifica- 
tion means and said smoothing means, for shaping 
an input current to be an approximate sine wave 
almost in phase with an input voltage; 

active filter control means for controlling said 20 
active filter; * 

overvoltage detection means for detecting that 
an output voltage from said active filter is in excess 
of a predetermined threshold; and 

power supply stop means for stopping a power 25 
to be supplied to said active filter control means 
when the output voltage from said active filter is in 
excess of the predetermined threshold. 

18. An air conditioning device, comprising: 30 

rectification means for rectifying an AC voltage 
outputted from an AC power source; 

smoothing means for smoothing an AC volt- 
age rectified by said rectification means to be con- 
verted into a DC voltage; 35 

a DC voltage- AC voltage conversion means 
for converting by chopping the DC voltage from said 
smoothing means into an AC voltage whose voltage 
and frequency vary to be applied to a power com- 
pressor; 40 

an active filter formed between said rectifica- 
tion means and said smoothing means, for shaping 
an input current to be an approximate sine wave 
almost in phase with an input voltage; 

output voltage detection means for detecting 45 
an output voltage from said active filter; 

error detection means for detecting a differ- 
ence between an output voltage and a reference 
voltage set beforehand; 

limiting control means for limiting an output 50 
voltage from said active filter constant based on the 
difference to be maintained constant based on the 
difference; and 

control means for controlling the difference 
between the output voltage and the reference volt- 55 
age to be not more than a predetermined value when 
starting up said active filter. 



19. An air conditioning device, comprising: 

rectification means for rectifying an AC voltage 
outputted from an AC power source; 

smoothing means for smoothing an AC volt- 
age rectified by said rectification means to be con- 
verted into a DC voltage; 

a DC voltage-AC voltage conversion means 
for converting by chopping the DC voltage from said 
smoothing means into an AC voltage whose voltage 
and frequency vary to be applied to a power com- 
pressor; 

an active filter formed between said rectifica- 
tion means and said smoothing means, said active 
filter shaping an input current to be an approximate 
sine wave almost in phase with an input voltage by . 
adjusting a flow of current into said smoothing 
means by switching a switching element; 

zero cross detection means for detecting a 
zero cross point of the input voltage of said active 
filter; and 

activation means for starting up said active fil- 
ter at a zero cross point of the input voltage. 

20. An air conditioning device, comprising: 

rectification means for rectifying an AC voltage 
outputted from an AC power source; 

smoothing means for smoothing an AC volt- 
age rectified by said rectification means to be con- 
verted into a DC voltage; 

a DC voltage-AC voltage conversion means 
for converting by chopping the DC voltage from said 
smoothing means into an AC voltage whose voltage 
and frequency vary to be applied to a power com- 
pressor; 

an active filter formed between said rectifica- 
tion means and said smoothing means, said active 
filter including a choke coil and shaping an input cur- 
rent to be an approximate sine wave almost in phase 
with an input voltage by adjusting a flow of current 
into said smoothing means through said choke coil 
by switching a switching element; and 

inductance alteration means for increasing an 
inductance of said choke coil for a predetermined 
time after starting up said active filter. 

21 . The air conditioning device as set forth in claim 
20, wherein: 

said choke coil includes two coils connected 
in series, and 

said inductance alteration means includes 
short-circuit means for short-circuiting both ends of 
one of said two coils for a time period other than said 
predetermined time. 

22. An air conditioning device, comprising: 

rectification means for rectifying an AC voltage 
outputted from an AC power source; 

smoothing means for smoothing an AC volt- 
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(54) Air conditioning device 

(57) An air conditioning device is arranged such that 
an output voltage from a commercial power source is 
converted into a direct current by a rectifying circuit and 
a smoothing condenser, and thereafter, it is further con- 
verted into an AC voltage having a variable frequency 
by an inverter under the control of a microcomputer, 
thereby supplying it to a power compressor. Between 
the rectifying circuit and the smoothing condenser, pro- 
vided is an active filter for shaping an input current to be 
an approximate sine wave almost in phase with an input 
voltage by switching a power transistor. The switching 
control section and the microcomputer for controlling the 
switching are activated independently by separately 
provided power sources. The switching control section 
supplies a high level signal when the active filter is a 
normal condition, while supplies a low level signal when 
the active filter is abnormal. A circuit which generates a 
low level signal when the power supply to the switching 
control section is shut off is provided. This enables the 
microcomputer to determine the occurrence of abnor- 
mality in the active filter or the switching control section 
even when the power supply is shut off. 
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